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Prefaee 


Experience of teaehing elinieal stndents at five medieal sehools and of 
examining them in sixteen eities and in eight eonntries has eonvineed me 
that there is still an nnfortimate hiatns between the anatomy which the 
stndent learns in the pre-elinieal years and that which is later eneonntered 
in the wards and operating theatres. 

This book attempts to eonnter this sitnation. It does so by highlighting 
those featnres of anatomy which are of elinieal importanee nsing a vertieal 
blue bar, in radiology pathology medieine and midwifery as well as in 
snrgery It presents the faets which students might reasonably be expected 
to earry with them during their years on the wards, throngh their final 
examinations and into their postgradnate years; it is designed for the elini- 
eal stndent. 

Anatomy is a vast snbjeet and, therefore, in order to aehieve this goab I 
have deliberately earried out a rigorous seleetion of material so as to eover 
only those of its thonsands of faets which I eonsider form the neeessary 
anatomieal seaffolding for the elinieian. Wherever possible praetieal appli- 
eations are indieated throughout the text—they eannoh within the limita- 
tions of a book of this size, be exhaustive, but I hope that they will aet as 
signposts to the shident and indieate how many elinieal phenomena ean be 
nnderstood and remembered on simple anatomieal gronnds. 

In this eleventh edition a eomplete revision of the text has been earried 
out. New figures have been added and other illnstrations modified. Repre- 
sentative eompnterized axial tomography and magnetie resonanee 
imaging films have been inelnded, sinee these techniques have given 
inereased impetns to the elinieal importanee of topographieal anatomy. 

The eontinned success of this volume, now in its forty-seventh year of 
pnblieation, owes much to the helpful eomments which the author has 
reeeived from readers all over the world. Every suggestion is given the 
most earefnl eonsideration in an attempt to keep the material abreast of the 
needs of today's medieal shidents. 

Harold Ellis 

2006 
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Part 1 

The Thorax 





Surface anatomy and 
surface markings 


The experienced elinieian spends much of his working life relating the 
surface anatomy of his patients to their deep structures (Fig. 1; see also 
Figs. Iland22). 

The following bony prominenees ean usually be palpated in the living 
snbjeet (eorresponding vertebral levels are given in braekets): 

• snperior angle of the seapnla (T2); 

• upper border of the manubrium sterni, the snprasternal noteh (T2 / 3); 

• spine of the seapnla (T3); 

• sternal angle (of Louis) — the transverse ridge at the mannbrio-sternal 
jnnetion (T4/5); 

• inferior angle of seapnla (T8); 

• xiphisternal j oint (T9); 

• lowest part of eostal margin—lOth rib (the snbeostal line passes throngh 
L3). 

Note from Fig. 1 that the manubrium eorresponds to the 3rd and 4th 
thoraeie vertebrae and overlies the aortie areh, and that the sternnm eorre- 
sponds to the 5th to 8th vertebrae and neatly overlies the heart. 

Sinee the Ist and 12th ribs are diffienlt to feel, the ribs should be enu- 
merated from the 2nd eostal eartilage, which artienlates with the sternnm at 
the angle of Louis. 

The spinous proeesses of all the thoraeie vertebrae ean be palpated in 
the midline posteriorly but it should be remembered that the first spinous 
proeess that ean be felt is that of C7 (the vertebra prominens). 

The position of the nipple varies eonsiderably in the female, but in the 
male it usually lies in the 4th intereostal spaee about 4in (lOem) from the 
midline. The apex beat, which marks the lowest and ontermost point at 
which the eardiae impnlse ean be palpated, is normally in the 5th inter- 
eostal spaee 3.5 in (9cm) from the midline (just below and medial to the 
nipple). 

The traehea is palpable in the snprasternal noteh midway between the 
heads of the two elavieles. 


Surface markìngs of the more ìmportant 
thoraeie eontents (Figs2-4) 

The traehea 

The traehea eommenees in the neek at the level of the lower border of the 
erieoid eartilage (C6) and runs vertieally downwards to end at the level of 
the sternal angle of Louis (T4/5), just to the right of the mid-line, by divid- 
ing to form the right and left main bronehi. In the ereet position and in full 
inspiration the level of bifnreation is at T6. 
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Saprasternal noteh 

Aorta 
Angle of Louis 

Heart 

Xìphoid 


Fig. 1 Lateral view of the 
thorax—its surface 
markings and vertebral 
levels. (Note that the 
angle of Louis (T4/5) 
demareates the superior 
mediastinum, the upper 
margin of the heart and 
the beginning and end of 
the aortie areh.) 


Upper lobe 

Horizontal fissure 

Míddle lobe 
Oblique fissure 

Lower lobe 

Pleura 



Upper lobe 


Oblique fissure 
Lower lobe 


Pleura 


Fig. 2 The surface markings of the lungs and pleura—anterior view. 



























Surface anatomy and surface markíngs 


Fig. 3 The surface 
markings of the lungs 
and pleura—posterior 
view. 



Oblique fissare 


Pleura 


Dpper lobe 


Lower lobe 


Fig. 4 The surface 
markings of the heart (see 
text). 



The pleura 

The eervieal plenra ean be marked out on the surface by a curved line drawn 
from the sternoelavienlar joint to the jnnetion of the medial and middle 
thirds of the elaviele; the apex of the pleura is about lin (2.5 em) above 
the elaviele. This faet is easily explained by the oblique slope of the first rib. 
It is important beeanse the pleura ean be wounded (with consequent 


















The Thorax 


pneumothorax) by a stab wound — and this inelndes the snrgeon's knife 
and the anaesthetist's needle—above the elaviele. 

The lines of plenral reflexion pass from behind the sternoelavienlar joint 
on eaeh side to meet in the midline at the 2nd eostal eartilage (the angle of 
Louis). The right pleural edge then passes vertieally downwards to the 6th 
eostal eartilage and then erosses: 

• the 8th rib in the midelavienlar line; 

• the lOth rib in the midaxillary line; 

• the 12th rib at the lateral border of the ereetor spinae. 

On the left side the plenral edge arehes laterally at the 4th eostal earti- 
lage and deseends lateral to the border of the sternnm^ due, of course, to its 
lateral displaeement by the heart; apart from this, its relationships are those 
of the right side. 

The pleura aehially deseends just below the 12th rib margin at its 
medial extremity — or even below the edge of the llth rib if the 12th is 
unusually short; obviously in this sitnation the pleura may be opened aeei- 
dentally in making a loin ineision to expose the kidney, perform an adrena- 
leetomy or to drain a snbphrenie abseess. 

The lungs 

The surface projeetion of the lung is somewhat less extensive than that of 
the parietal pleura as outlined above, and in addition it varies quite eonsid- 
erably with the phase of respiration. The apex of the lung elosely follows the 
line of the eervieal pleura and the snrfaee marking of the anterior border ofthe 
right hing eorresponds to that of the right mediastinal pleura. On the left 
side, however, the anterior border has a distinet noteh (the eardiae noteh) 
which passes behind the 5th and 6th eostal eartilages. The lower border of the 
lung has an excursion of as much as 2-3 in (5-8 em) in the extremes of respi- 
ration, but in the nentral position (midway between inspiration and expira- 
tion) it lies along a line which erosses the 6th rib in the midelavienlar line, 
the 8th rib in the midaxillary line, and reaehes the lOth rib adjaeent to the 
vertebral column posteriorly. 

The oblique fisstire, which divides the lung into upper and lower lobes, is 
indieated on the snrfaee by a line drawn obliquely downwards and out- 
wards from lin (2.5 em) lateral to the spine of the 5th thoraeie vertebra to 
the 6th eostal eartilage about 1.5in (4cm) from the midline. This ean be rep- 
resented approximately by abdneting the shonlder to its full extent; the line 
of the oblique fissure then eorresponds to the position of the medial border 
of the seapnla. 

The snrfaee markings of the transversefissme (separating the middle and 
upper lobes of the right lung) is a line drawn horizontally along the 4th 
eostal eartilage and meeting the oblique fissure where the latter erosses the 
5thrib. 


The heart 

The outline of the heart ean be represented on the snrfaee by the 
irregnlar quadrangle bonnded by the following four points (Fig. 4): 




The thoraeie eage 



1 the 2nd left eostal eartilage 0.5in (12mm) from the edge of the sternnm; 

2 the 3rd right eostal eartilage 0.5in (12mm) from the sternal edge; 

3 the 6th right eostaleartilage 0.5in (12mm) from the sternnm; 

4 the 5th left intereostal spaee 3.5 in (9cm) from the midline (eorrespond- 
ing to the apex beat). 

The left border of the heart (indieated by the enrved line joining points 
1 and 4) is formed almost entirely by the left ventriele (the auricular 
appendage of the left atrium peeping around this border snperiorly), the 
lower border (the horizontal line joining points 3 and 4) eorresponds to the 
right ventriele and the apieal part of the left ventriele; the right border 
(marked by the line joining points 2 and 3) is formed by the right atrium 
(see Fig. 24a). 

A good guide to the size and position of your own heart is given by 
plaeing your elenehed right fist palmar snrfaee down immediately inferior 
to the mannbriosternal jnnetion. Note that the heart is about the size of the 
subjecFs fist, lies behind the body of the sternnm (therefore anterior to tho- 
raeie vertebrae 5-8), and bulges over to the left side. 

The surface markings of the vessels of the thoraeie wall are of im- 
portanee if these structures are to be avoided in performing aspiration 
of the ehest. The internal thoraeie (internal mammary) vessels run vertieally 
downwards behind the eostal eartilages half an ineh from the lateral 
border of the sternnm. The intereostal vessels lie immediately below 
their eorresponding ribs (the vein above the artery) so that it is safe to pass 
a needle immediately above a rib, dangerons to pass it immediately belozv 
(see Fig. 8). 


The thoraeie eage 


The thoraeie eage is formed by the vertebral column behind, the ribs and 
intereostal spaees on either side and the sternum and eostal eartilages in 
front. Above, it eommnnieates throngh the Thoraeie inlet' with the root 
of the neek; below, it is separated from the abdominal eavity by the 
diaphragm (Fig. 1). 

The thoraeie vertebrae 

See Vertebral eolnmn', page 327. 

The ribs 

The greater part of the thoraeie eage is formed by the twelve pairs of ribs. 
Of these, the first seven are eonneeted anteriorly by way of their eostal 
eartilages to the sternum, the eartilages of the 8th, 9th and lOth artienlate 
eaeh with the eartilage of the rib above (Talse ribs') and the last two ribs are 
free anteriorly ('floating ribs'). 

Eaeh typieal rib (Fig. 5) has a head bearing two artienlar faeets, for 
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Subcostal groove 


Head 

Neek 


Faeet for vertebral 

body 


Tyberele 


Fig. 5 Atypiealrib. 
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and sobeiavian artery 


Groove for 
subclavian 


Scalenus 


Braehíal plexus 


Tubercle for 
sealenas anteríor 


eiavíele 


Fig. 6 Structures erossing the first rib. 


artienlation with the nnmerieally eorresponding vertebra and the vertebra 
above, a stout neek, which gives attaehment to the eostotransverse liga- 
ments, a tnherde with a rough non-articular portion and a smooth faeet, for 
articulation with the transverse proeess of the eorresponding vertebra, and 
a long shaft flattened from side to side and divided into two parts by the 
'angle' of the rib. The angle demareates the lateral limit of attaehment of the 
ereetor spinae muscle. 

The following are the signifieant featnres of the 'atypieah ribs. 

Ist Rib (Fig. 6). This is flattened from above downwards. It is not 
only the flattest but also the shortest and most curvaceous of all the ribs. It 
has a prominent tnherde on the inner border of its upper surface for the 
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insertion of sealenns anterior. In front of this tnberele, the snbelavian vein 
erosses the rib; behind the tnberele is the snhelavian groove where the snbela- 
vian artery and lowest trnnk of the braehial plexus lie in relation to the 
bone. It is here that the anaesthetist ean infiltrate the plexus with loeal 
anaesthetie. 

Grossing the neek of the first rib from the medial to the lateral side are 
the sympathetie trunk, the snperior intereostal artery (from the eostoeervi- 
eal trunk) and the large braneh of the first thoraeie nerve to the braehial 
plexus. 

The 2nd rih is much less curved than the Ist and about twice as long. 

The lOth rih has only one articular faeet on the head. 

The llth and 12th rihs are short, have no tnbereles and only a single faeet 
on the head. The llth rib has a slight angle and a shallow snbeostal groove; 
the 12th has neither of these features. 


eiinieal features 


Rib fraetnres 

The ehest wall of the ehild is highly elastie and therefore fraetnres of the rib 
in ehildren are rare. In adults, the ribs may be fractured by direet violenee or 
indireetly by ernshing injnries; in the latter the rib tends to give way at its 
weakest part in the region of its angle. Not unnaturally the upper two ribs, 
which are proteeted by the elaviele, and the lower two ribs, which are unat- 
taehed and therefore swing free, are the least eommonly injured. 

In a severe crush injury to the ehest several ribs may fracture in front 
and behind so that a whole segment of the thoraeie eage beeomes torn free 
('stove-in ehest'). With eaeh inspiration this loose flap sucks in, with eaeh 
expiration it blows out, thus undergomg paradoxical respiratory move- 
ment. The assoeiated swinging movements of the mediastinnm prodnee 
severe shoek and this injury ealls for urgent treatment by insertion of a 
ehest drain with underwater seab followed by endotraeheal intnbation, or 
traeheostomy eombined with positive pressnre respiration. 


Coarctation of the aorta (see Fig. 34b and page 41) 

In eoaretation of the aorta, the intereostal arteries derived from the aorta 
reeeive blood from the snperior intereostals (from the eostoeervieal trunk of 
the snbelavian artery), from the anterior intereostal branehes of the internal 
thoraeie artery (arising from the snbelavian artery) and from the arteries 
anastomosing around the seapnla. Together with the eommnnieation 
between the intemal thoraeie and inferior epigastrie arteries, they provide 
the prineipal eollaterals between the aorta above and below the bloek. In 
consequence, the intereostal arteries nndergo dilatation and tortnosity and 
erode the lower borders of the eorresponding ribs to give the eharaeteristie 
irregular notehing ofthe ribs, which is very useful in the radiographie eonfir- 
mation of this lesion. 
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Fig.7 Bilateral eervieal ribs. On the right side the braehial plexus is shown arehing 
over the rib and stretehing its lowest trnnk. 


Cervical rib 


A eervieal rib (Fig. 7) occurs in 0.5% of subjects and is bilateral in half of 
these. It is attaehed to the transverse proeess of the 7th eervieal vertebra and 
artienlates with the Ist (thoraeie) rib or, if short, has a free distal extremity 
which usually attaehes by a fibrous strand to the (normal) first rib. Pressnre 
of such a rib on the lowest trunk of the braehial plexus arehing over it may 
prodnee paraesthesiae along the ulnar border of the forearm and wasting of 
the small mnseles of the hand (Tl). Less eommonly vasenlar ehanges, even 
gangrene, may be caused by pressure of the rib on the overlying snbelavian 
artery. This resnlts in post-stenotie dilatation of the vessel distal to the rib in 
which a thrombns forms from which emboli are thrown off. 


The eostal eartilages 

These bars of hyaline eartilage serve to eonneet the upper seven ribs 
direetly to the side of the sternnm and the 8th, 9th and lOth ribs to 
the eartilage immediately above. The eartilages of the llth and 12th ribs 
merely join the tapered extremities of these ribs and end in the abdominal 
musculature. 








The thoraeie eage 



eiinieal features 


1 The eartilage adds eonsiderable resilienee to the thoraeie eage and pro- 
teets the sternnm and ribs from more frequent fraetnre. 

2 In old age (and sometimes also in young adults) the eostal eartilages 
undergo progressive ossifieation; they then beeome radio-opaque and may 
give rise to some eonfnsion when examining a ehest radiograph of an 
elderly patient. 

The sternum 

This dagger-shaped bone, which forms the anterior part of the thoraeie 
eage, eonsists of three parts. The maniihrinm is ronghly triangnlar in outline 
and provides artienlation for the elavieles and for the first and upper part of 
the 2nd eostal eartilages on either side. It is sitnated opposite the 3rd and 
4th thoraeie vertebrae. Opposite the dise between T4 and T5 it artienlates at 
an oblique angle at the mannbriosternal joint (the angle of Louis), with the 
hody ofthesternnm (plaeed opposite T5 to T8). This is eomposed of four parts 
or 'sternebrae' which fuse between pnberty and 25 years of age. Its lateral 
border is notehed to reeeive part of the 2nd and the 3rd to the 7th eostal ear- 
tilage. The xiphoid proeess is the smallest part of the sternum and usually 
remains eartilaginons well into adult life. The cartilaginous manu- 
briosternal joint and that between the xiphoid and the body of the sternnm 
may also beeome ossified after the age of 30. 


eiinieal features 


1 The attaehment of the elastie eostal eartilages largely proteets the 
sternum from injury but indireet violenee aeeompanying fracture disloea- 
tion of the thoraeie spine may be assoeiated with a sternal fraehire. Direet 
violenee to the sternum may lead to displaeement of the relatively mobile 
body of the sternnm backwards from the relatively fixed manubrium. 

2 In a sternal puncture a wide-bore needle is pushed through the thin 
layer of eortieal bone eovering the sternnm into the highly vasenlar spongy 
bone beneath, and a speeimen of bone marrow aspirated with a syringe. 

3 In operations on the thymus gland, and oeeasionally for a retrosternal 
goitre, it is neeessary to split the manubrium in the midline in order to gain 
aeeess to the snperior mediastinnm. A eomplete vertieal split of the whole 
sternum is one of the standard approaehes to the heart and great vessels 
used in modern eardiae surgery. 

The intereostal spaees 

There are slight variations between the different intereostal spaees, but typi- 
eally eaeh spaee eontains three mnseles, eomparable to those of the abdomi- 
nal walb and an assoeiated neurovascular bundle (Fig. 8). The mnseles are: 
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Fig. 8 The relationship 
of an intereostal spaee. 
(Note that a needle 
passed into the ehest 
immediately above a 
rib will avoid the 
neurovascular bundle.) 


1 the external intereostal, the fibres of which pass downwards and 
forwards from the rib above to the rib below and reaeh from the vertebrae 
behind to the eostoehondral jnnetion in front, where mnsele is replaeed by 
the anterior intereostal membrane; 

2 the internal intereostal, which runs downwards and backwards from the 
stemum to the angles of the ribs where it beeomes the posterior intereostal 
membrane; 

3 the innermost intereostal, which is only ineompletely separated from the 
internal intereostal muscle by the neurovascular bundle. 

The fibres of this sheet eross more than one intereostal spaee and it may be 
ineomplete. Anteriorly it has a more distinet portion which is fan-like in 
shape, termed the transversns thoraeis (or sternoeostalis), which spreads 
upwards from the posterior aspeet of the lower sternum to insert onto the 
mner snrfaees of the seeond to the sixth eostal eartilages. 

Just as in the abdomen, the nerves and vessels of the thoraeie wall lie 
between the middle and innermost layers of muscles. This neurovascular 
bundle eonsists, from above downwards, of vein, artery and nerve, the vein 
lying in a groove on the undersurface of the eorresponding rib (remember— 
v,a,n). 

The vessels eomprise the posterior and anterior intereostals. 

The posterior intereostal arteries of the lower nine spaees are branehes of 
the thoraeie aorta, while the first two are derived from the snperior inter- 
eostal braneh of the eostoeervieal trunk, the only braneh of the seeond part 
of the subclavian artery. Eaeh runs forward in the snbeostal groove to anas- 
tomose with the anterior intereostal artery. Eaeh has a number of branehes 
to adjaeent mnseles, to the skin and to the spinal eord. The eorresponding 
veins are mostly tributaries of the azygos and hemiazygos veins. The first 
posterior intereostal vein drains into the braehioeephalie or vertebral vein. 
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Fig. 9 Diagram of a typieal spinal nerve and its body-wall relationships. On the left 
side the sites of ernption of a tuberculous eold abseess traeking forwards from a 
diseased vertebra are shown—these occur at the points of emergenee of the 
cutaneous branehes. 


On the left, the 2nd and 3rd veins often join to form a snperior intereostal 
vein, which erosses the aortie areh to drain into the left braehioeephalie 
vein. 

The anterior intereostal arteries arebranehes of the internal thoraeie artery 
(lst-6th spaee) or of its musculophrenic braneh (7th-9th spaees). The 
lowest two spaees have only posterior arteries. Perforating branehes pieree 
the upper five or six intereostal spaees; those of the 2nd-4th spaees are large 
in the female and supply the breast. 

The intereostal nerves are the anterior primary rami of the thoraeie 
nerves, eaeh of which gives off a eollateral muscular braneh and lateral and 
anterior cutaneous branehes for the innervation of the thoraeie and abdom- 
inal walls (Fig. 9). 


eiinieal features 


1 Loeal irritation of the intereostal nerves by such eonditions as Pott's 
disease of the thoraeie vertebrae (tuberculosis) may give rise to pain which 
is referred to the front of the ehest or abdomen in the region of the periph- 
eral termination of the nerves. 

2 Loeal anaesthesia of an intereostal spaee is easily prodneed by infiltra- 
tion around the intereostal nerve trimk and its eollateral braneh—a proee- 
dure known as intereostal nerve bloek. 
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3 In a eonventional posterolateral thoraeotomy (e.g. for a pnlmonary 
lobeetomy) an ineision is made along the line of the 5th or 6th rib; the 
periostenm over a segment of the rib is elevated, thus proteeting the neu- 
rovascular bundle, and the rib is excised. Aeeess to the lung or medi- 
astinnm is then gained though the intereostal spaee, which ean be opened 
out eonsiderably owing to the elastieity of the thoraeie eage. 

4 Pus from the region of the vertebral column tends to traek around the 
thorax along the course of the neurovascular bundle and to 'point' to the 
three sites of exit of the cutaneous branehes of the intereostal nerves, which 
are lateral to ereetor spinae (saerospinalis), in the midaxillary line and just 
lateral to the sternum (Fig. 9). 

The diaphragm 

The diaphragm is the dome-shaped septum dividing the thoraeie from the 
abdominal eavity. It eomprises two portions: a peripheral muscular part 
which arises from the margins of the thoraeie outlet and a eentrally plaeed 
aponenrosis (Fig. 10). 

The muscular fibres are arranged in three parts. 

1 A vertehral part from the crura and from the arenate ligaments. The right 
crus arises from the front of the bodies of the upper three lumbar vertebrae 
and intervertebral dises; the left crus is only attaehed to the first two verte- 
brae. The arenate ligaments are a series of fibrons arehes, the medial being a 
thiekening of the faseia eovering psoas major and the lateral of faseia overly- 
ing quadratus lumborum. The fibrous medial borders of the two crura form 
a median arcuate ligament over the front of the aorta. 

2 A eostal part is attaehed to the inner aspeet of the lower six ribs and eostal 
eartilages. 

3 A sternal portion eonsists of two small slips from the deep snrfaee of the 
xiphisternum. 

The eentral tendon, into which the muscular fibres are inserted, is trefoil 
in shape and is partially fused with the undersurface of the pericardium. 

The diaphragm reeeives its entire motor supply from the phrenie nerve 
(C3, 4, 5) whose long course from the neek follows the embryologieal 
migration of the muscle of the diaphragm from the eervieal region (see 
below). Injury or operative division of this nerve resnlts in paralysis and 
elevation of the eorresponding half of the diaphragm. 

Radiographieally, paralysis of the diaphragm is reeognized by its eleva- 
tion and paradoxical movement; instead of deseending on inspiration it is 
foreed upwards by pressure from the abdominal viseera. 

The sensory nerve fibres from the eentral part of the diaphragm also 
run in the phrenie nerve, henee irritation of the diaphragmatie pleura (in 
plenrisy) or of the peritonenm on the undersurface of the diaphragm by 
subphrenic eolleetions of pus or blood produces referred pain in the eorre- 
sponding cutaneous area, the shoulder-tip. 

The peripheral part of the diaphragm^ including the crura, reeeives 
sensory fibres from the lower intereostal nerves. 





Oesophagus 


Inferìor vena eava 


Ríght phrenie nerve 


Rlght splanehnle 

nerve 


Transverse abdominis 

muscle 

Quadratus lumborum 

muscle 

Psoas major 
muscle 


The thoraeie eage 





Left phrenle nerve 
Vagi 


Aorta 

Left splanehnle 
nerve 

Subcostal nerve 


Sympathetle trunk 


Fig. 10 The diaphragm—inferior aspeet. The three major orifiees, from above 
downwards, transmit the inferior vena eava, oesophagns and aorta. 

Openings in the diaphragm 

The three main openings in the diaphragm (Figs 10,11) are: 

1 the aortie (at the level of T12) which transmits the abdominal aorta, the 
thoraeie duct and often the azygos vein; 

2 the oesophageal (TIO) which is situated between the muscular fibres of 
the right crus of the diaphragm and transmits, in addition to the oesopha- 
gus, branehes of the left gastrie artery and vein and the two vagi; 

3 the openingfor the inferior vena eava (T8) which is plaeed in the eentral 
tendon and also transmits the right phrenie nerve. 

In addition to these structures, the greater and lesser splanehnie nerves 
(see page 49) pieree the crura and the sympathetie ehain passes behind the 
diaphragm deep to the medial arenate ligament. 

The development of the diaphragm 
and the anatomy of diaphragmatie herniae 

The diaphragm is formed (Fig. 12) by fusion in the embryo of: 

1 the septum transversum (forming the eentral tendon); 

2 the dorsal oesophageal mesentery; 

3 a peripheral rim derived from the body wall; 

4 the plenroperitoneal membranes, which elose the fetal eommnnieation 
between the plenral and peritoneal eavities. 

The sephim transversnm is the mesoderm which, in early develop- 
ment, lies in front of the head end of the embryo. With the folding off of the 
head, this mesodermal mass is earried ventrally and eandally, to lie in its 
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Fig. 11 Sehematie lateral 
view of the diaphragm to 
show the levels at which 
it is piereed by major 
structures. 
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Fig. 12 The development of the diaphragm. This drawmg shows the four elements 
eontribnting to the diaphragm—(1) the septum transversum, (2) the dorsal 
mesentery of the oesophagus, (3) the body wall and (4) the plenroperitoneal 
membrane. 



































The thoraeie eage 


17 


definitive position at the anterior part of the diaphragm. Dnring this migra- 
tion, the eervieal myotomes and nerves eontribnte mnsele and nerve 
snpply respeetively thus accounting for the long course of the phrenie 
nerve (C3,4 and 5) from the neek to the diaphragm. 

With such a complex embryologieal story one may be snrprised to 
know that eongenital abnormalities of the diaphragm are unusual. 

Howevey a number of defeets may occur, giving rise to a variety of eon- 
genital herniae throngh the diaphragm. These may be: 

1 throngh the foramen of Morgagni; anteriorly between the xiphoid and 
eostal origins; 

2 throngh the foramen of Boehdalek—the pleuroperitoneal eanal—lying 
posteriorly; 

3 throngh a defieieney of the whole eentral tendon (oeeasionally such a 
hernia may be tranmatie in origin); 

4 throngh a eongenitally large oesophageal hiatus. 

Far more eommon are the acquired hiatus hemiae (subdivided into 
sliding and rolling herniae). These are found in patients usually of middle 
age where weakening and widening of the oesophageal hiatus has 
occurred (Fig. 13). 

In the sliding hernia the upper stomaeh and lower oesophagus slide 
upwards into the ehest throngh the lax hiatus when the patient lies down or 
bends over; the eompetenee of the eardia is often dishirbed and peptie juice 
ean therefore regnrgitate into the gullet in lying down or bending over. This 
may be followed by oesophagitis with consequent heartbnrn, bleeding and, 
eventnally striehire formation. 

In the rolling hernia (which is far less eommon) the eardia remains in its 
normal position and the eardio-oesophageal jnnetion is intaet, but the 
fundus of the stomaeh rolls up through the hiatus in front of the oesopha- 
gus, henee the alternative term of para-oesophageal hernia. In such a ease 



(a) ’Slidíng hernia' 


(b)'Rollíng hernia* 


Fig. 13 (a) Asliding hiatus hernia. (b) Arolling hiatus hernia. 
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there may be epigastrie diseomfort, flahilenee and even dysphagia, but no 
regnrgitation because the eardiae meehanism is undisturbed. 

The movements of respiration 

During inspiration the movements of the ehest wall and diaphragm result 
in an inerease in all diameters of the thorax. This, in turn, brings about an 
inerease in the negative intraplenral pressnre and an expansion of the lung 
tissue. Gonversely, in expiration the relaxation of the respiratory muscles 
and the elastie reeoil of the lung reduce the thoraeie eapaeity and foree air 
out of the lungs. 

In quiet inspiration the first rib remains relatively fixed, but eontraetion 
of the external and internal intereostals elevates and, at the same time, 
everts the succeeding ribs. In the ease of the 2nd-7th ribs this prineipally 
inereases the anteroposterior diameter of the thorax (by the forward 
thrust of the sternum), like a pump handle. The eorresponding movement 
of the lower ribs raises the eostal margin and leads mainly to an inerease in 
the transverse diameter of the thorax, like a bucket handle. The depth of the 
thorax is inereased by the eontraetion of the diaphragm which draws down 
its eentral tendon. Normal quiet expiration, brought about by elastie reeoil of 
the elevated ribs, is aided by the tone of the abdominal musculature which, 
aeting throngh the eontained viseera, forees the diaphragm upwards. 

In deep and in foreed inspiration additional mnseles attaehed to the 
ehest wall are ealled into play (e.g. sealenns anterior, sternoeleidomastoid, 
serratns anterior and peetoralis major) to inerease further the eapaeity of 
the thorax. Similarly, in deep expiration, foreed eontraetion of the abdomi- 
nal mnseles aids the normal expulsive faetors deseribed above. 

The pleurae 

The two pleural eavities are totally separate from eaeh other (Fig. 2). Eaeh 
pleiira eonsists of two layers: a viseeral layer intimately related to the snrfaee 
of the lung, and a parietal layer lining the inner aspeet of the ehest wall, the 
upper surface of the diaphragm and the sides of the pericardium and medi- 
astinnm. The two layers are continuous in front and behind the root of the 
lung, but below this the pleura hangs down in a loose fold, the pnlmonary 
ligament, which forms a 'dead-spaee' for distension of the pnlmonary veins. 
The surface markings of the pleura and lungs have already been deseribed 
in the seetion on snrfaee anatomy. 

Notiee that the lungs do not occupy all the available spaee in the plenral 
eavity even in foreed inspiration. 


eiinieal features 


1 Normally the two plenral layers are in elose apposition and the spaee 
between them is only a potential one. It may, however, fill with air (pneu- 
mothorax), blood (haemothorax) or pus (empyema). 






The lower respiratory traet 



2 Fluid ean be drained from the plenral eavity by inserting a wide-bore 
needle throngh an intereostal spaee (usually the 7th posteriorly). The 
needle is passed along the snperior border of the lower rib, thus avoiding 
the intereostal nerves and vessels (Fig. 8). Below the 7th intereostal spaee 
there is danger of penetrating the diaphragm. 

3 For emergeney ehest drainage—for example tranmatie haemothorax or 
haemopneumothorax—the site of eleetion is the 5 ^^ intereostal spaee in the 
mid-axillary line. An ineision is made throngh skin and fat and blimt dis- 
seetion earried out over the upper border of the 6th rib. The pleura is 
opened, a finger inserted to elear any adhesions and ensure the safety of the 
adjaeent diaphragm before inserting a tube into the plenral spaee and eon- 
neeting it to an under-water drain. 

4 Sinee the parietal pleura is segmentally innervated by the intereostal 
nerves, inflammation of the pleura results in pain referred to the cutaneous 
distribution of these nerves (i.e. to the thoraeie wall or, in the ease of the 
lower nerves, to the anterior abdominal wall, which may mimie an acute 
abdominal emergeney). 


The lower respiratory traet 


The traehea (Figs i4, is) 

The traehea is about 4.5 in (ll.Sem) in length and nearly 1 in (2.5 em) in 
diameter. It eommenees at the lower border of the erieoid eartilage (C6) and 
terminates by bifnreating at the level of the sternal angle of Louis (T4/5) to 
form the right and left main bronehi. (In the living subjecL the level of bifur- 
eation varies slightly with the phase of respiration; in deep inspiration is 
deseends to T6 and in expiration it rises to T4.) 

Relations 

Lying partly in the neek and partly in the thorax, its relations are: 

Cervìcal 

• anteriorly — the isthmns of thyroid gland, inferior thyroid veins, ster- 
nohyoid and sternothyroid mnseles; 

• laterally—the lobes of thyroid gland and the eommon earotid artery; 

• posteriorly—the oesophagns with the reenrrent laryngeal nerve lying in 
the groove between oesophagns and traehea (Fig. 16). 

Thoraeìe 

In the snperior mediastinnm its relations are: 

• anteriorly—eommeneement of the braehioeephalie (innominate) artery 
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Fig. 14 The traehea and its anterior relationships. 
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Fig. 15 The traehea and main bronehi viewed from the front. 
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Fig. 16 The eervieal part 
of the traehea and its 
environs in transverse 
seetion (throngh the 6th 
eervieal vertebra). 
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and left earotid artery, both arising from the areh of the aorta, the left bra- 
ehioeephalie (innominate) vein, and the thymns; 

• posteriorly—oesophagns and left reenrrent laryngeal nerve; 

• to the left — areh of the aorta, left eommon earotid and left snbelavian 
arteries, left reenrrent laryngeal nerve and plenra; 

• to the right—vagus, azygos vein and pleura (Fig. 17). 


Structure 

The pateney of the traehea is maintained by a series of 15-20 U-shaped ear- 
tilages. Posteriorly, where the eartilage is defieient, the traehea is flattened 
and its wall eompleted by fibrons tissue and a sheet of smooth muscle (the 
traehealis). VVithin, it is lined by a eiliated eolnmnar epithelinm with many 
goblet eells. 


eiinieal features 


Radiology 

Sinee it eontains air, the traehea is more radio-translucent than the neigh- 
bonring structures and is seen in posteroanterior and lateral radiographs as 
a dark area passing downwards, backwards and slightly to the right. In the 
elderly, ealeifieation of the traeheal rings may be a source of radiologieal 
confusion. 


Displaeement 

The traehea may be eompressed or displaeed by pathologieal enlargement 
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Fig. 17 The thoraeie part of the traehea and its environs in transverse seetion 
(throngh the 4th thoraeie vertebra). 


of the neighbouring structures, particularly the thyroid gland and the areh 
of the aorta. 


'Tracheal-tug' 

The intimate relationship between the areh of the aorta and the traehea and 
left bronehns is responsible for the physieal sign known as 'tracheal-tug', 
eharaeteristie of aneurysms of the aortie areh. 


Traeheostomy 

Traeheostomy may be required for laryngeal obstrnetion (diphtheria, 
tumours, inhaled foreign bodies), for the evaenation of excessive seeretions 
(severe postoperative ehest infeetion in a patient who is too weak to cough 
adequately), and for long-continued artifieial respiration (poliomyelitis, 
severe ehest injnries). It is important to note that respiration is fnrther 
assisted by eonsiderable rednetion of the dead-spaee air. 

The neek is extended and the head held exactly in the midline by an 
assistant. A vertieal ineision is made downwards from the erieoid eartilage, 
passing between the anterior jugular veins. Alternatively a more eosmetie 
transverse skin erease ineision, plaeed halfway between the erieoid and 
snprasternal noteh, is employed. Ahook is thrust under the lower border of 
the erieoid to steady the traehea and pull it forward. The pretraeheal faseia 
is split longitudinally the isthmns of the thyroid either pushed upwards or 
divided between elamps and the eartilage of the traehea elearly exposed. A 
eirenlar opening is then made into the traehea to admit the traeheostomy 
tube. 
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In ehildren the neek is relatively short and the left braehioeephalie vein 
may eome up above the snprasternal noteh so that disseetion is rather more 
diffienlt and dangerons. This diffienlty is made greater because the ehild's 
traehea is softer and more mobile than the adulTs and therefore not so 
readily identified and isolated. Its softness means that eare must be taken, 
in ineising the ehild's traehea, not to let the sealpel plimge throngh and 
damage the imderlying oesophagns. 

In eontrash the traehea may be ossified in the elderly and small bone 
shears required to open into it. 

The golden rule of traeheostomy—based entirely on anatomieal eonsid- 
erations—is 'stiek exactly to the midline'. If this is not done, major vessels are 
in jeopardy and it is possible, althongh the stndent may not eredit it, to miss 
the traehea entirely. 

The bronehì (Fig.is) 

The right main hronehiis is wider, shorter and more vertieal than the left. It is 
about 1 in (2.5cm) long and passes direetly to the root of the lung at T5. 
Before joining the lung it gives off its iipper lohe hraneh, and then passes 
below the pnlmonary artery to enter the hilum of the lung. It has two 
important relations: the azygos vein, which arehes over it from behind to 
reaeh the snperior vena eava, and the pnlmonary artery which lies first 
below and then anterior to it. 

The left main hronehiis is nearly 2 in (5cm) long and passes downwards 
and outwards below the areh of the aorta, in front of the oesophagns and 
deseending aorta. LJnlike the right, it gives off no branehes until it enters the 
hilum of the lung, which it reaehes opposite T6. The pnlmonary artery 
spirals over the bronehns, lying first anteriorly and then above it. 


eiinieal features 


1 The greater width and more vertieal course of the right bronchus 
accounts for the greater tendeney for foreign bodies and aspirated material 
to pass into the right bronehns (and thenee espeeially into the middle and 
lower lobes of the right limg) rather than into the left. 

2 The inner aspeet of the whole of the traehea, the main and lobar bronehi 
and the eommeneement of the first segmental divisions ean be seen at 
bronehoseopy. 

3 VVidening and distortion of the angle between the bronehi (the earina) as 
seen at bronehoseopy is a serions prognostie sign, sinee it usually indieates 
eareinomatons involvement of the traeheobronehial lymph nodes around 
the bifnreation of the traehea. 


The lungs (Figsi8,i9) 

Eaeh lung is eonieal in shape, having a blunt apex which reaehes above 
the stemal end of the Ist rib, a eoneave base overlying the diaphragm, 
an extensive eostovertebral snrfaee moulded to the form of the ehest 
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Fig. 18 The lungs, lateral aspeets. 
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Fig. 19 The lungs, anterior aspeets 


wall and a mediastinal snrfaee which is eoneave to aeeommodate the 
perieardinm. 

The right lung is slightly larger than the left and is divided into three 
lobes—upper, middle and lower, by the oblique and horizontal fissnres. The 
left lung has only an oblique fissure and henee only two lobes. 
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Blood supply 

Mixed venous blood is returned to the lungs by the pnlmonary arteries; the 
air passages are themselves snpplied by the bronehial arteries, which are 
small branehes of the deseending aorta. The bronehial arteries, although 
small, are of great elinieal importanee. They maintain the blood supply to 
the lung parenehyma after pulmonary embolism, so thah if the patient 
reeovers, lung fnnetion retnrns to normal. 

The siiperior and inferior pnlmonary veins return oxygenated blood to the 
left atrium, while the bronehial veins drain into the azygos system. 

Lymphatie drainage 

The lymphaties of the lung drain eentripetally from the pleura towards the 
hilum. From the bronehopnlmonary lymph nodes in the hilum, efferent lymph 
ehannels pass to the traeheobronehial nodes at the bifnreation of the traehea, 
thenee to the paratraeheal nodes and the mediastinal lymph trimks to drain 
usually direetly into the braehioeephalie veins or, rarely, indireetly via the 
thoraeie or right lymphatie duct. 


Nerve supply 

The pulmonary plexuses derive fibres from both the vagi and the sympa- 
thetie trunk. They supply efferents to the bronehial musculature (sympa- 
thetie bronehodilator fibres) and reeeive afferents from the mucous 
membrane of the bronehioles and from the alveoli. 


The bronchopulmonary segments of the lungs 

(Figs 20,21) 

A knowledge of the finer arrangement of the bronehial tree is an essential 
Table 1 The named divisions of the main bronehi. 
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Fig. 20 The named 
divisions of the main 
bronehi. 


prerequisite to intelligent appreeiation of lung radiology, to interpretation 
of bronehoseopy and to the snrgieal reseetion of lung segments. Eaeh lobe 
of the lung is snbdivided into a number of bronchopulmonary segments, 
eaeh of which is supplied by a segmental bronehns, artery and vein. These 
segments are wedge-shaped with their apiees at the hilum and bases at the 
lung snrfaee; if excised aeenrately along their boundaries (which are 
marked by intersegmental veins), there is little bleeding or alveolar air 
leakage from the raw lung snrfaee. 

The names and arrangements of the bronehi are given in Table 1; eaeh 
bronehopnlmonary segment takes its title from that of its snpplying seg- 
mental bronehns (listed in the right-hand column of the table). 
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Fig. 21 (a) The segments of the right lung. (b) The segments of the left lung. 


The left upper lobe has a lingnlar segment, supplied by the lingnlar 
hronehiís from the main upper lobe bronchus. This lobe is equivalent to the 
right middle lobe whose bronehns arises as a braneh from the mainbronehns. 
Apart from this, differenees between the two sides are very slight; on the 
lefb the upper lobe bronchus gives off a eombined apieoposterior segmen- 
tal bronehns and an anterior braneh, whereas all three branehes are sepa- 
rate on the right side. 

On the right also there is a small medial (or eardiae) lower lobe 
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bronchus which is absent on the left, the lower lobes being otherwise mirror 
images of eaeh other. 


The medíastínunn 


The mediastinnm is defined as 'the spaee which is sandwiched between the 
two pleural saes'. For deseriptive purposes the mediastinum is divided by a 
line drawn horizontally from the sternal angle to the lower border of T4 
(angle of Louis) into snperior and inferior mediastinum. The inferior medi- 
astinnm is fnrther subdivided into the anterior in front of the perieardinm, 
a middle mediastinnm eontaining the perieardinm itself with the heart and 
great vessels, and posterior mediastinnm between the pericardium and the 
lower eight thoraeie vertebrae (Fig. 22). 

The perìcardium 

The heart and the roots of the great vessels are eontained within the eonieal 
fihroiLs 'perieardmm, the apex of which is fused with the adventitia of the 
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Fig. 22 The subdivisions 
of the mediastinum. 












The mediastinum 


29 


great vessels and the base with the eentral tendon of the diaphragm. Anteri- 
orly it is related to the body of the sternnm, to which it is attaehed by the 
sternoperieardial ligament. The 3rd-6th eostal eartilages and the anterior 
borders of the lungs; posteriorly, to the oesophagus, deseending aorta, and 
vertebra T5-T8, and on either side to the roots of the lungs, the mediastinal 
pleura and the phrenie nerves. 

The inner aspeet of the fibrons perieardinm is lined by the parietal layer 
ofserons perieardiiim. This, in turn, is refleeted around the roots of the great 
vessels to beeome continuous with the viseeral layer or epicardium. The lines 
of perieardial reflexion are marked on the posterior surface of the heart (Fig. 
23) by the ohlique simis, bounded by the inferior vena eava and the four pul- 
monary veins, which form a reeess between the left atrium and the peri- 
cardium, and the transverse siniis between the superior vena eava and left 
atrium behind and the pnlmonary trunk and aorta in front. 

The heart (Fig. 24 ) 

Its great importanee means no excuse need be offered for dealing with the 
heart in eonsiderable detail. 

The heart is irregnlarly eonieal in shape, and it is plaeed obliquely in 
the middle mediastinnm. Viewed from the fronh portions of all the heart 
ehambers ean be seen. The right border is formed entirely by the right 
atrium, the left border partly by the auricular appendage of the left atrium 
but mainly by the left ventriele, and the inferior border ehiefly by the right 
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Fig. 23 The transverse and oblique sinuses of the pericardium. In this illustration 
the heart has been removed from the perieardial sae, which is seen in anterior view. 
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Fig. 24 The heart, (a) anterior and (b) posterior aspeets 
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ventriele but also by the lower part of the right atrium and the apex of the 
left ventriele. 

The bulk of the anterior snrfaee is formed by the right ventriele which is 
separated from the right atrium by the vertieal atrioventricular groove, and 
from the left ventriele by the anterior interventricular groove. 
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Fig. 25 The interior of the right atrium and ventriele. 
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The inferior or diaphragmatie snrfaee eonsists of the right and left ventri- 
eles separated by the posterior interventrienlar groove and the portion of 
the right atrinm which reeeives the inferior vena eava. 

The base or posterior snrfaee is quadrilateral in shape and is formed 
mainly by the left atrium with the openings of the pulmonary veins and, to 
a lesser extenh by the right atrium. 

ehambers of the heart 

Rìght atrium (Fig. 25) 

The right atrium reeeives the superior vena eava in its upper and posterior 
part, the inferior vena eava and eoronary sinus in its lower part, and the 
anterior eardiae vein (drainmg much of the front of the heart) anteriorly 
Running more or less vertieally downwards between the venae eavae is a 
distinet muscular ridge, the erista terminalis (indieated on the outer surface 
of the atrium by a shallow groove—the sulcus terminalis). This ridge sepa- 
rates the smooth-walled posterior part of the atrium, derived from the 
sinus venosus^ from the rough-walled anterior portion which is prolonged 
into the aiirienlar appendage and which is derived from the true fetal 
atrium. 

The openings of the inferior vena eava and the eoronary sinus are 
guarded by rudimentary valves; that of the inferior vena eava being eontin- 
uous with the annulus ovalis around the shallow depression on the atrial 
septum, ihe fossa ovalis, which marks the site of the ieiedforamen ovale. 
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Rìght ventriele (Fig. 25) 

The right ventriele is joined to the right atrium by the way of the vertieally 
disposed trieiispid valve, and with the pnlmonary trunk throngh the pul- 
monary valve. A muscular ridge, the infiindibnloventrieidar erest, between 
the atrioventrienlar and pnlmonary orifiees, separates the 'inflow' and 
'outflow' traets of the ventriele. The inner aspeet of the inflow traet path is 
marked in the presenee of a number of irregular muscular elevations {tra- 
beenlae earneae) from some of which the papillary mnseles projeet into the 
lumen of the ventriele and find attaehment to the free borders of the cusps 
of the tricuspid valve by way of the ehordae tendineae. The moderator band is a 
muscular bundle erossing the ventrienlar eavity from the interventrienlar 
septum to the anterior wall and is of some importanee sinee it eonveys the 
right braneh of the atrioventrienlar bundle to the ventrienlar muscle. 

The outflow traet of the ventriele or infundibulum is smooth-walled and 
is direeted upwards and to the right towards the pnlmonary trunk. The 
pnlmonary orifiee is gnarded by the pulmonary valves, eomprising three 
semilnnar cusps. 

Left atriuiin 

The left atrium is rather smaller than the right but has somewhat thieker 
walls. On the upper part of its posterior wall it presents the openings of the 
four pulmonary veins and on its septal snrfaee there is a shallow depression 
eorresponding to the fossa ovalis of the right atrium. As on the right side, 
the main part of the eavity is smooth-walled but the surface of the auricle is 
marked by a number of ridges due to the underlying peetinate mnseles. 

Left ventriele (Fig. 26) 

The left ventriele eommnnieates with the left atrium by way of the mitral 
valve (so-ealled because it vaguely resembles a bishop's mitre), which pos- 
sesses a large anterior and a smaller posterior cusp attaehed to papillary 
muscles by ehordae tendineae. With the exception of the fibrons vestibnle 
immediately below the aortie orifiee, the wall of the left ventriele is marked 
by thiek trabeenlae earneae. 

The aortie orifiee is gnarded by the three semilnnar cusps of the aortie 
valve, immediately above which are the dilated aortie sinnses. The mouths of 
the right and left eoronary arteries are seen in the anterior and left posterior 
sinus respeetively. 

The conducting system of the heart 

This eonsists of speeialized eardiae muscle found in the sinnatrial node and 
in the atrioventrienlar node and bundle. The heart-beat is initiated in the 
siniiatrial node (the 'paeemaker of the heart'), sitnated in the upper part 
of the erista terminalis just to the right of the opening of the snperior 
vena eava into the right atrium. From there the eardiae impulse spreads 
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Fig. 26 The interior of the left ventriele. 


throughout the atrial musculature to reaeh the atrioventrieiilar node lying in 
the atrial septnm immediately above the opening of the eoronary sinus. The 
impulse is then conducted to the ventrieles by way of the speeialized tissue 
of the atrioventrienlar hnndle (ofHis). This bimdle divides at the junction of 
the membranons and muscular parts of the interventricular sephim into its 
right and left branehes which run immediately beneath the endoeardinm to 
aetivate all parts of the ventrienlar musculature. 

The blood supply to the heart (Fig.27) 

The heart's blood supply is derived from the right and left eoronary arteries 
whose main branehes lie in the interventrienlar and atrioventrienlar 
grooves. 

The right eoronary artery arises from the anterior aortie sinus and passes 
forwards between the pnlmonary trunk and the right atrium to deseend in 
the right part of the atrioventrienlar groove. At the inferior border of the 
heart it eontinnes along the atrioventrienlar groove to anastomose with the 
left eoronary at the posterior interventrienlar groove. It gives off a marginal 
hraneh along the lower border of the heart and the posterior interventrienlar 
hraneh which runs forward in the inferior interventrienlar groove and to 
anastomose near the apex of the heart with the eorresponding braneh of the 
left eoronary artery. 
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Fig. 27 The eoronary 
arteries. (Dotted vessels 
lie posteriorly.) 


The left eoronary artery, which is larger than the right, rises from the left 
posterior aortie sinus. Passing first behind and then to the left of the pul- 
monary trunk, it reaehes the left part of atrioventrienlar groove in which it 
runs laterally roimd the left border of the heart as the circiimflex artery to 
reaeh the posterior interatrial groove. Its most important braneh, given off 
about 2 em from its origin, is the anterior interventrieiilar artery which sup- 
plies the anterior aspeet of both ventrieles and passes aronnd the apex of 
the heart to anastomose with the posterior interventrienlar braneh of the 
right eoronary. Note that the sinnatrial node is usually supplied by the right 
eoronary artery althongh the left eoronary artery takes over this duty in 
about one-third of snbjeets. 

Althongh anastomoses occur between the terminations of the right and 
left eoronary arteries, these are usually ineffieient. Thrombosis in one or 
other of these vessels leads to death of the area of heart muscle supplied (a 
myoeardial infaretion). 


The venous drainage of the heart (Fig. 28 ) 

The bulk of the venous drainage of the heart is aehieved by veins which 
aeeompany the eoronary arteries and which open into the right atrium. The 
rest of the blood drains by means of small veins (venae eordis minimae) 
direetly into the eardiae eavity. 

The eoronary sinus lies in the posterior atrioventrienlar groove and 
opens into the right atrium just to the left of the mouth of the inferior vena 
eava. 

It reeeives: 

1 the great eardiae vein in the anterior interventrienlar groove; 

2 the middle eardiae vein the inferior interventricular groove; 

3 the small eardiae vein — aeeompanying the marginal artery along the 
lower border of the heart; 
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Fig. 28 The eoronary veins. (Dotted vessels lie posteriorly.) 


4 the ohliqiie vein — deseends obliquely on the posterior aspeet of the left 
atrium. 

The anterior earàiae veins (up to three or four in number) eross the ante- 
rior atrioventrienlar groove, drain much of the anterior snrfaee of the heart 
and open direetly into the right atrium. 

Nerve supply 

The nerve supply of the heart is derived from the vagus (eardio-inhibitor) 
and the eervieal and upper 5 thoraeie sympathetie ganglia (eardio- 
aeeelerator) by way of snperfieial and deep eardiae plexuses. 

The development of the heart 

The primitive heart is a single tube which soon shows grooves demareating 
the sinns venosiis, atriiim, ventriele and hulbus eordis from behind forwards. 
As this tube enlarges it kinks so that its caudal end, reeeiving venous blood, 
eomes to lie behind its eephalie end with its emerging arteries (Fig. 29). 

The sinus venosus later absorbs into the atrium and the bulbus beeomes 
ineorporated into the ventriele so thah in the fully developed heark the 
atria and great veins eome to lie posterior to the ventrieles and the roots of 
the great arteries. 

The bonndary tissue between the primitive single atrial eavity 
and single ventriele grows out as a dorsal and a ventral endoeardial eiishion 
which meet in the midline, thus dividing the eommon atrio-ventricular 
orifiee into a right (tricuspid) and left (mitral) orifiee. 

The division of the primitive atrium into two is a eomplieated proeess 
but an important one in the imderstanding of eongenital septal defeets 
(Fig. 30). Apartition, the septum primum, grows downwards from the poste- 
rior and snperior walls of the primitive eommon atrium to fuse with the 
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Fig. 29 The eoiling of the 
primitive heart tube into 
its definitive form. 



Fig. 30 The development of the ehambers of the heart. (Note the septum primum 
and septum secundum which form the interatrial septum, leaving the foramen 
ovale as a valve-like opening passing between them.) 


endoeardial enshions. Before fnsion is eomplete, however, a hole appears in 
the upper part of this septnm which is termed theforamen secundum in the 
septnm primiim. 

A seeond membrane, the septnm secundum, then develops to the right of 
the primum but this is never eomplete; it has a free lower edge which does. 
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however, extend low enongh for this new septnm to overlap the foramen 
secundum in the septum primum and henee to elose it. 

The two overlapping defeets in the septa form the valve-like foramen 
ovale which shunts blood from the right to left heart in the fetus (see Tetal 
circulation' below). After birth, this foramen usually beeomes eompletely 
fused leaving only the fossa ovalis on the septal wall of the right atrium as 
its memorial. In about 10% of adult subjects, however, a probe ean still be 
insinnated throngh an anatomieally patent, althongh fnnetionally sealed 
foramen. 

Division of the ventriele is eommeneed by the upgrowth of a fleshy 
septum from the apex of the heart towards the endoeardial enshions. This 
stops short of dividing the ventriele eompletely and thus it has an upper 
free border, forming a temporary interventrienlar foramen. At the same 
time, the single truncus arteriosus is divided into aorta and pnlmonary 
trunk by a spiral septnm (henee the spiral relations of these two vessels), 
which grows downwards to the ventriele and fuses accurately with the 
upper free border of the ventricular septum. This contributes the small fars 
memhranaeea septi, which eompletes the separation of the ventriele in such a 
way that blood on the left of the septum flows into the aorta and on the right 
into the pnlmonary trunk. 

The primitive siniis venosns absorbs into the right atrium so that the 
venae eavae draining into the sinus eome to open separately into this 
atrium. The smooth-walled part of the adult atrium represents the eontri- 
bution of the sinus venosus, the peetinate part represents the portion 
derived from the primitive atrinm. 

Rather similarly the adult left atrium has a double origin. The original 
single pnlmonary venous trunk entering the left atrium beeomes absorbed 
into it, and donates the smooth-walled part of this ehamber with the pul- 
monary veins entering as four separate openings; the trabeenlated part of 
the definitive left atrium is the remains of the original atrial wall. 

The development of the aortìe arehes 
and their derivatives (Fig.31) 

Emerging from the bulbus eordis is a eommon arterial trunk termed the 
trnnens arteriosiis, from which arise six pairs of aortie arehes, equivalent to 
the arteries snpplying the gill elefts of the fish. These arteries curve dorsally 
aroimd the pharynx on either side and join to form two longitndinally 
plaeed dorsal aortae which fuse distally into the deseending aorta. 

The Ist and 2nd arehes disappear; the 3rd arehes beeome the 
earotids. The 4th areh on the right beeomes the braehioeephalie and right 
snbelavian artery; on the left, it differentiates into the definitive aortie areh, 
gives off the left snbelavian artery and links up distally with the deseending 
aorta. 

The 5th areh artery is rndimentary and disappears. 

When the truncus arteriosus splits longitudinally to form the aseending 
aorta and pnlmonary trimk, the 6th areh, unlike the others, remains linked 
with the latter and forms the right and left pnlmonary arteries. On the left 
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Fig. 31 The aortie arehes 
and their derivatives. 
This diagram explains 
the relationship of the 
right reenrrent laryngeal 
nerve to the right 
snbelavian artery and the 
left nerve to the aortie 
areh and the ligamentnm 
arteriosnm (or to a patent 
ductus arteriosus). 


side this areh retains its eonneetion with the dorsal aorta to form the ductus 
arteriosus (the ligamentnm arteriosnm of adult anatomy). 

This asymmetrieal development of the aortie arehes accounts for the 
different course taken by the recurrent laryngeal nerve on eaeh side. In the 
early fetus the vagus nerve lies lateral to the primitive pharynx, separated 
from it by the aortie arehes. What are to beeome the recurrent laryngeal 
nerves pass medially caudal to the aortie arehes, to supply the developing 
larynx. With elongation of the neek and caudal migration of the heart, the 
recurrent nerves are caught up and dragged down by the deseending aortie 
arehes. On the right side the 5th and distal part of the 6th areh absorb, 
leaving the nerve to hook round the 4th areh (i.e. the right subclavian 
artery). On the left side, the nerve remains looped around the persisting 
distal part the 6th areh (the ligamentum arteriosum) which is overlapped 
and dwarfed by the areh of the aorta. 

The fetal circulatìon (Fig.32) 

The circulation of the blood in the embryo is a remarkable example of 
eeonomy in nature and results in the shunting of well-oxygenated blood 
from the plaeenta to the brain and the heart, leaving relatively desaturated 
blood for less essential structures. 

Blood is returned from the plaeenta by the umbilical vein to the inferior 
vena eava and thenee the right atrium, most of it by-passing the liver in the 
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ductus venosus (see page 95). Relatively little mixing of oxygenated and 
deoxygenated blood occurs in the right atrinm sinee the valve overlying the 
orifiee of the inferior vena eava serves to direet the flow of oxygenated 
blood from that vessel throngh the foramen ovale into the left atrium, while 
the deoxygenated stream from the snperior vena eava is direeted throngh 
the tricuspid valve into the right ventriele. From the left atrium the oxy- 
genated blood (together with a small amount of deoxygenated blood from 
the lungs) passes into the left ventriele and henee into the aseending aorta 
for the supply of the brain and heart via the vertebral, earotid and eoronary 
arteries. 

As the lungs of the fetus are inaetive, most of the deoxygenated blood 
from the right ventriele is short-circuited by way of the ductus arteriosiis 
from the pulmonary trnnk into the deseending aorta. This blood snpplies 
the abdominal viseera and the lower limbs and is shnnted to the plaeenta, 
for oxygenation, along the iimbilieal arteries arising from the internal iliae 
arteries. 

At birth, expansion of the lungs leads to an inereased blood £low in the 
pnlmonary arteries; the resulting pressnre ehanges in the two atria bring 
the overlapping septnm primum and septiim seeiindiim into apposition which 
effeetively eloses off the foramen ovale. At the same time aetive eontraetion 
of the muscular wall of the ductus arteriosus results in a fnnetional closure 
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of this arterial shunt and, in the course of the next 2-3 months, its eomplete 
obliteration. Similarly, ligatnre of the nmbilieal eord is followed by throm- 
bosis and obliteration of the nmbilieal vessels. 

eongenital abnormalities of the heart and great vessels 

The complex development of the heart and major arteries aeeonnts for the 
multitude of eongenital abnormalities which may affeet these structures, 
either alone or in eombination. 

Dextro-rotation of the heart means that this organ and its emerging vessels 
lie as a mirror-image to the normal anatomy. It may be assoeiated with 
reversal of all the intra-abdominal organs; I have seen a stndent eorreetly 
diagnose acute appendieitis as the cause of a patient's severe left iliae fossa 
pain beeanse he found that the apex beat of the heart was on the right side! 


Septal defeets 

At birth, the septum primum and septum secundum are foreed together, 
elosing the flap valve of the foramen ovale. Fusion usually takes plaee 
about 3 months after birth. In about 10% of subjects, this fusion may be 
ineomplete. However, the two septa overlap and this pateney of the 
foramen ovale is of no fnnetional signifieanee. If the septum secundum is 
too short to eover the foramen secundum in the septum primum, an atrial 
septal defeet persists after the septum primum and septum secundum are 
pressed together at birth. This results in an ostinm seeiindnm defeet, which 
allows shunting of blood from the left to the right atrium. This defeet lies 
high up in the atrial wall and is relatively easy to elose snrgieally. A more 
serions atrial septal defeet results if the septum primum fails to fuse with 
the endoeardial enshions. This ostinm primnm defeet lies immediately above 
the atrioventrienlar bonndary and may be assoeiated with a defeet of the 
pars membranaeea septi of the ventrienlar septnm. In such a ease, the ehild 
is born with both an atrial and ventrienlar septal defeet. 

Oeeasionally the ventrienlar septal defeet is so huge that the ventrieles 
form a single eavity giving a triloeidar heart. 

Gongenital pnlmonary stenosis may affeet the trunk of the pnlmonary 
artery its valve or the infundibulum of the right ventriele. If stenosis occurs 
in eonjnnetion with a septal defeet, the eompensatory hypertrophy of the 
right ventriele (developed to foree blood throngh the pnlmonary obstrne- 
tion) develops a sufficiently high pressure to shunt blood through the 
defeet into the left heart; this mixing of the deoxygenated right heart blood 
with the oxygenated left-sided blood resnlts in the ehild being eyanosed at 
hirth. 

The eommonest eombination of eongenital abnormalities eansing 
eyanosis is Faìlot's tetralogy (Fig. 33). This results from unequal division of 
the truncus arteriosus by the spinal septum, resulting in a stenosed pul- 
monary trimk and a wide aorta which overrides the orifiees of both the ven- 
trieles. The displaeed septnm is unable to elose the interventrienlar septum, 
which results in a ventrienlar septal defeet. Right ventricular hypertrophy 
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Fig. 33 The tetralogy of 
Fallot. 
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Fig. 34 (a) Persistent 
ductus arteriosus— 
showing its elose 
relationship to the left 
recurrent laryngeal 
nerve. (b) Goaretation of 
the aorta. 


Left recurrent 
laryngeal nerve 


Braehioeephalie artery 
^ Left earotid artery 



Patent ductus 
arteriosus 



Left subclavian artery 


Left vagus nerve Goaretation of aorta _/ 


(a) 


(b) 


develops as a consequence of the pnlmonary stenosis. Gyanosis resnlts 
from the shnnting of large amonnts of unsaturated blood from the right 
ventriele throngh the ventrienlar septal defeet into the left ventriele and 
also direetly into the aorta. 

Apersistent ductus arteriosns (Fig. 34a) is a relatively eommon eongenital 
defeet. If left nneorreeted, it causes progressive work hypertrophy of the 
left heart and pnlmonary hypertension. 

Aortie eoaretation (Fig. 34b) is thonght to be due to an abnormality of the 
obliterative proeess which normally oeelndes the ductus arteriosus. There 
may be an extensive obstrnetion of the aorta from the left snbelavian artery 
to the ductus, which is widely patent and maintains the eirenlation to the 
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lower parts of the body; often there are mnltiple other defeets and fre- 
quently infants so afflieted die at an early age. More eommonly there is a 
short segment involved in the region of the ligamentnm arteriosum or still 
patent ductus. In these eases, eirenlation to the lower limb is maintained via 
eollateral arteries around the seapnla anastomosing with the intereostal 
arteries, and via the link-up between the internal thoraeie and inferior epi- 
gastrie arteries. 

eiinieally this eirenlation may be manifest by enlarged vessels being 
palpable around the seapnlar margins; radiologieally dilatation of the 
engorged intereostal arteries resnlts in notehing of the inferior borders of 
the ribs. 

Abnormal development of the primitive aortie arehes may result in the 
aortie areh being on the right or aetnally being double. An abnormal right 
snbelavian artery may arise from the dorsal aorta and pass behind the 
oesophagns—a rare cause of difficulty in swallowing (dysphagia Insoria). 

Rarely the division of the truncus into aorta and pnlmonary artery is 
ineomplete, leaving an aorta~pulmonary ivindow, the most unusual eongeni- 
tal fistula between the two sides of the heart. 


The superìor medìastìnum 

This is bounded in front by the manubrium sterni and behind the first four 
thoraeie vertebrae (Fig. 22). Above, it is in direet continuity with the root of 
the neek and below it is continuous with the three eompartments of the 
inferior mediastinnm. Its prineipal eontents are: the great vessels, traehea, 
oesophagns, thymus—mainly replaeed by fatty tissue in the adult, thoraeie 
duct, vagk left recurrent laryngeal nerve and the phrenie nerves (Fig. 17). 

The areh of the aorta is direeted anteroposteriorly its three great 
branehes, the hraehioeephalie, left earotid and left snbelavian arteries, aseend to 
the thoraeie inleh the first two forming a V aroimd the traehea. The hraehio- 
eephalie veins lie in front of the arteries, the left rnnning almost horizontally 
aeross the snperior mediastinnm and the right vertieally downwards; the 
two unite to form the snperior vena eava. Posteriorly lies the traehea with the 
oesophagns immediately behind it lying against the vertebral column. 


The oesophagus 

The oesophagns, which is lOin (25 em) long, extends from the level of the 
lower border of the erieoid eartilage at the level of the 6*^ eervieal vertebra 
to the eardiae orifiee of the stomaeh (Fig. 35). 


Course and relations 

Gervieal 

In the neek it eommenees in the median plane and deviates slightly to the 
left as it approaehes the thoraeie inlet. The traehea and the thyroid gland are 
its immediate anterior relations, the 6*^ and 7 *^ eervieal vertebrae and pre- 
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Fig. 35 The oesophagus and its relations. 


vertebral faseia are behind it and on either side it is related to the eommon 
earotid arteries and the reenrrent laryngeal nerves. On the left side it is also 
related to the snbelavian artery and the terminal part of the thoraeie duct 
(Fig. 16). 

Thoraeie 

The thoraeie part traverses first the superior and then the posterior medi- 
astinnm. From being somewhat over to the left, it retnrns to the midline 
at T5 then passes downwards, forwards and to the left to reaeh the 
oesophageal opening in the diaphragm (TIO). For eonvenienee, the rela- 
tions of this part are given in sequence from above downwards. 

Anteriorly, it is erossed by the traehea, the left bronehns (which 


















44 


The Thorax 


eonstriets it), the pericardium (separating it from the left atrium) and the 
diaphragm. 

Posteriorly lie the thoraeie vertebrae, the thoraeie duct, the azygos vein 
and its tributaries and, near the diaphragm, the deseending aorta. 

On the left side it is related to the left snbelavian artery the terminal part 
of the aortie areh, the left recurrent laryngeal nerve, the thoraeie duct and 
the left pleura. In the posterior mediastinnm it relates to the deseending 
thoraeie aorta before this passes posteriorly to the oesophagus above the 
diaphragm. 

On the right side there is the pleura and the azygos vein. 

Below the root of the lung the vagi form a plexus on the oesophagus, the 
left vagus lying anteriorly the right posteriorly 

In the ahdomen, passing forwards through the opening in the right 
crus of the diaphragm, the oesophagus eomes to lie in the oesophageal 
groove on the posterior surface of the left lobe of the liver, eovered by peri- 
toneum on its anterior and left aspeets. Behind it is the left crus of the 
diaphragm. 


Structure 

The oesophagus is made of: 

1 an outer eonneetive tissue sheath of areolar tissue; 

2 a muscular layer of external longitndinal and internal eirenlar 
fibres which are striated in the upper two-thirds and smooth in the lower 
one-third; 

3 a submucous layer eontaining mucous glands; 

4 a mucosa of stratified epithelium passing abrnptly into the eolnmnar 
epithelium of the stomaeh. 

Blood snpply is from the inferior thyroid artery branehes of the deseend- 
ing thoraeie aorta and the left gastrie artery. The veins from the eervieal part 
drain into the inferior thyroid veins, from the thoraeie portion into the 
azygos vein and from the abdominal portion partly into the azygos and 
partly into the left gastrie veins. 

The ìymphatie drainage is from a peri-oesophageal lymph plexus into the 
posterior mediastinal nodes, which drain both into the supraclavicular 
nodes and into nodes around the left gastrie vessels. It is not nneommon to 
be able to palpate hard, fixed supraclavicular nodes in patients with 
advaneed oesophageal eaneer. 

Radiographieally the oesophagns is stndied by X-rays taken after a 
barium swallow, in which it is seen lying in the retroeardiae spaee just in 
front of the vertebral column. Anteriorly the normal oesophagus is 
indented from above downwards by the three most important structures 
that eross it, the areh of the aorta, the left bronchus and the left atrium. 


eiinieal features 


1 For oesophagoseopy, measurements are made from the upper ineisor 






The mediastinum 


45 


teeth; the three important levels 7in (17cm), llin (28cm) and 17in 
(43 cm) eorresponding to the eommeneement of the oesophagns, the 
point at which it is erossed by the left bronehns and its termination 
respeetively. 

2 These three points also indieate the narrowest parts of the oesophagns: 
the sites at which, as might be expected, swallowed foreign bodies are most 
likely to beeome impaeted and strietnres to occur after swallowing eorro- 
sive fluids. 

3 The anastomosis between the azygos (systemie) and left gastrie (portal) 
venous tributaries in the oesophageal veins is of great importanee. In portal 
hypertension these veins distend into large eollateral ehannels, oesophageal 
variees, which may then rupture with severe haemorrhage (probably as a 
result of peptie ulceration of the overlying mucosa). 

4 Use is made of the elose relationship between the oesophagus and the 
left atrium in determining the degree of left atrial enlargement in mitral 
stenosis; a barium swallow may show marked backward displaeement of 
the oesophagus caused by the dilated atrium. 

5 The oesophagus is erossed solely by the vena azygos on the right side. 
This is therefore the side of eleetion to approaeh the oesophagus surgically 

Development of the oesophagos 

The oesophagus develops from the distal part of the primitive fore-gut. 
From the floor of the fore-gut also differentiate the larynx and traehea, first 
as a groove (the laryngotraeheal groove) which then eonverts into a tube, a 
bud on eaeh side of which develops and ramifies into the lung. 

This elose relationship between the origins of the oesophagus and 
traehea aeeoimts for the relatively eommon malformation in which the 
upper part of the oesophagus ends blindly while the lower part opens 
into the lower traehea at the level of T4 (oesophageal atresia ivith traeheo- 
oesophageal fistiila). Less eommonly the upper part of the oesophagus opens 
into the traehea, or oesophageal atresia occurs without eoneomitant fistnla 
into the traehea. Rarely there is a traeheo-oesophageal fistnla without 
atresia (Fig. 36). 

The thoraeìe duct (Figs37,2i3) 

The eisterna ehyli lies between the abdominal aorta and right crus of the 
diaphragm. It drains lymphaties from the abdomen and the lower limbs, 
then passes upwards through the aortie opening to beeome the thoraeie 
diiet. This aseends behind the oesophagus, inelines to the left of the oesoph- 
agus at the level of T5, then runs upwards behind the earotid sheath, 
deseends over the subclavian artery and drains into the eommeneement of 
the left braehioeephalie vein (see Fig. 213). 

The ìeít jugular, subclavian and mediastinal lymph trunks, draining the left 
side of the head and neek, upper limb and thorax respeetively usually join 
the thoraeie duct, although they may open direetly into the adjaeent large 
veins at the root of the neek. 
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Fig. 36 The usual form of 
oesophageal stenosis. 

The upper oesophagus 
ends blindly; the lower 
oesophagus 
communicates with the 
traehea at the level of the 
4th thoraeie vertebra. 


Fig. 37 The course of the 
thoraeie duct. 
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The thoraeie duct thus usually drains the whole lymphatie field below 
the diaphragm and the left half of the lymphaties above it. 

On the right side, the right snbelavian, jugular and mediastinal trnnks 
may open independently into the great veins. Usually the subclavian and 
jugular trunks first join into a right lymphatie duct and this may be joined by 
the mediastinal trunk so that all three then have a eommon opening into the 
origin of the right braehioeephalie vein. 


eiinieal features 


1 The lymphaties may beeome bloeked by infeetion and fibrosis due to 
the Mierofilaria hanerofti. This usually results in lymphoedema of the legs 
and serotnm but oeeasional involvement of the main ehannels of the trunk 
and thorax is followed by ehylons aseites, ehylnria and ehylons plenral 
effnsion. 

2 The thoraeie duct may be damaged during bloek disseetion of the neek. 
If notieed at operation, the injnred duct should be ligated; lymph then finds 
its way into the venous system by anastomosing ehannels. If the aeeident is 
missed, there foIIows an nnpleasant ehylons fistula in the neek. 

3 Tears of the thoraeie duct have also been reported as a eomplieation of 
fraetnres of the thoraeie vertebrae to which, in its lower parfi the duct is 
elosely related. Such injuries are followed by a chylothorax. 

The thoraeìe sympathetìe trunk (Fig.ss) 

The sympathetie ehain lies immediately lateral to the mediastinum behind 
the parietal pleura. 

Deseending from the eervieal ehain, it erosses: 

• the neek of the first rib; 

• the heads of the 2nd to lOth ribs; 

• the bodies of the llth and 12th thoraeie vertebrae. 

It then passes behind the medial arenate ligament of the diaphragm to 
eontinne as the lumbar sympathetie trunk. 

The thoraeie ehain bears a ganglion for eaeh spinal nerve; the first fre- 
quently joins the inferior eervieal ganglion to form the stellate ganglion. Eaeh 
ganglion reeeives a white ramus communicans eontaining preganglionie 
fibres from its eorresponding spinal nerve and donates baek a grey ramus, 
bearing postganglionie fibres. 

Branehes 

1 Sympathetie fibres are distribnted to the skin with eaeh of the thoraeie 
spinal nerves. 

2 Postganglionie fibres from Tl-5 are distribnted to the thoraeie viseera— 
the heart and great vessels, the lungs and the oesophagns. 

3 Mainly preganglionie fibres from T5-12 form the splanehnie nerves, 
which pieree the crura of the diaphragm and pass to the eoeliae, snperior 
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Fig. 38 (a) The left 
thoraeie sympathetie 
trunk with a display of 
the left mediastinum. (b) 
The right mediastinum. 
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mesenterie, inferior mesenterie and renal ganglia from which they are 
relayed as postganglionie fibres to the abdominal viseera. These splanehnie 
nerves are the: 

• greater splanehnie (T5-10); 

• lesser splanehnie (TlO-11); 

• least splanehnie (T12). 

They lie medial to the sympathetie trunk on the bodies of the thoraeie verte- 
bra and are quite easily visible through the parietal pleura (For their distrib- 
ution see pages 429 and 430). 


eiinieal features 


A high spinal anaesthetie will produce temporary hypotension by 
paralysing the sympathetie (vasoeonstrietor) preganglionie outflow from 
spinal segment T5 downwards, passing to the abdominal viseera. 


On the examínation of a 
ehest radiograph 


The following features should be examined in every radiograph of 
the ehest. 

eentering and density of film 

The sternal ends of the two elavieles should be equidistant from the shadow 
of the vertebral spines. The assessment of the density of the film ean only be 
learned by experience, but in a 'normaT film the bony eage should be 
elearly outlined and the larger vessels in the lung fields elearly visible. 

General shape 

Any abnormalities in the general form of the thorax (seoliosis, kyphosis and 
the barrel ehest of emphysema, for example) should always be noted before 
other abnormalities are deseribed. 

Bony eage 

The thoraeie vertebrae should be examined first, then eaeh of the ribs in 
turn (eoimting eonveniently from their posterior ends and eomparing eaeh 
one with its fellow of the opposite side), and finally elavieles and seapnlae. 
Unless this proeednre is earried out systematieally, important diagnostie 
clues (e.g. the presenee of a eervieal rib, or notehing of the ribs by enlarged 
anastomotie vessels) are liable to be missed. 
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The domes of the diaphragm 

These should be examined for height and symmetry and the nature of the 
eardiophrenie and eostophrenie angles observed. 

The mediastinom 

The ontline of the mediastinnm should be traeed systematieally Speeial 
note should be made of the size of the heart, of mediastinal shift and of the 
vessels and nodes at the hilum of the lung. 

Lung fields 

Again, systematie examination of the lung fields visible in eaeh intereostal 
spaee is neeessary if slight differenees between the two sides are not to be 
overlooked. 

Abnormalities 

When this seheme has been earefnlly followed, any abnormalities in the 
bony eage, the mediastinnm or lung fields should now be apparent. They 
should then be defined anatomieally as aeenrately as possible and eheeked, 
where neeessary by referenee to a film taken from a different angle. 

Radiographìe appearanee of the heart 

For the appearanee of the heart as seen at flnoroseopy referenee should be 
made to a standard work in radiology or eardiology. In the present aeeonnh 
only the more important featnres of the heart and great vessels which ean 
be seen in standard posteroanterior and oblique lateral radiographs of the 
ehest will be deseribed. 


The heart and great vessels in anteroposterior 
radiographs (Fig.39) 

The greater part of the 'mediastinal shadow' in an anteroposterior film of 
the ehest is formed by the heart and great vessels. These shonld be exam- 
ined as follows. 

Sìze and shape of the heart 

Normally the transverse diameter should not exceed half the total width of 
the ehest, but sinee it varies widely with bodily build and the position of the 
hearh these faetors must also be assessed. The shape of the eardiae shadow 
also varies a good deal with the position of the heart, being long and 
narrow in a vertieally disposed heart and broad and ronnded in the so- 
ealled horizontal heart. 
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Fig. 39 A traeing of a ehest radiograph to show the eomposition of the right and left 
borders of the mediastinal shadow. 


The eardiae outline 

Eaeh 'border' of the eardiae shadow should be examined in turn. The right 
horder of the mediastinal shadow is formed from above downwards by the 
right braehioeephalie vein, the superior vena eava and the right atrium. 
Immediately above the heart, the left horder of the mediastinal shadow pre- 
sents a well-marked projeetion, the aortie knuckle, which represents the areh 
of the aorta seen 'end-on'. Beneath this there are, sneeessively, the shadows 
due to the pulmonary trunk (or the infundibulum of the right ventriele), the 
anriele of the left atrium, and the left ventriele. The shadow of the inferior 
border of the heart blends eentrally with that of the diaphragm, but on 
either side the two shadows are separated by the well-defined eardio- 
phrenie angles. 

The heart and great vessels in anterior 
oblique radiographs 

The left oblique view (Fig. 40) 

The greater part of the mediastinal shadow in this view is formed 
by the right and left ventrieles, above which the relation of the areh of the 
aorta and the pnlmonary trunk to the translneent traehea ean be seen. 

The rìght oblique view (Fig. 41) 

Almost all of the eardiae shadow in this view is due to the right ventriele. It 
is particularly useful for the assessment of the size of the left atrium sinee its 
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Fig. 40 Traeing of a left oblique radiograph 
of the ehest. 


Fig. 41 Traeing of a right oblique radiograph of 
the ehest. 


barium paste to swallow; the outlined oesophagus is indented by an 
enlarged left atrium. 

















Part 2 

The Abdomen and Pelvis 








Surface anatomy and 
surface markings 


Be able to identify these landmarks on yonrself or the patient (Fig. 42). 

The xiphoid. The eostal margin extends from the 7th eostal eartilage at 
the xiphoid to the tip of the 12th rib (althongh the latter is often diffienlt 
to feel); this margin bears a distinet step, which is the tip of the 9th eostal 
eartilage. 

The iliae erest ends in front at the anterior snperior spine from which 
the ingninal ligament {Ponpart's ligament) passes downwards and medially 
to the pnbie tnberele. Identify this tnberele by direet palpation and also 
by rnnning the fingers along the addnetor longns tendon (tensed by 
fLexing, abdneting and externally rotating the thigh) to its origin at the 
tnberele. 

Feel the firm vas deferens between the finger and thumb as it lies within 
the spermatie eord at the serotal neek. Traee the vas upwards and note that 
it passes medially to the pubic tubercle and thenee throngh the external 
ingiiinal rmg, which ean be felt by invaginating the serotal skin with the 
fingertip. 

Vertebral levels (Fig.42a) 

• T9—the xiphoid. 

• L1 — the transpylorie plane of Addison lies half-way between the supra- 
sternal noteh and the pubis, or approximately a hand's breadth below 
the xiphoid. This plane passes through the pylorus, the panereatie 
neek, the duodenojejunal flexure, the fundus of the gall-bladder, 
the tip of the 9th eostal eartilage (felt as a distinet 'step'), and the hila 
of the kidneys. It also eorresponds to the level of termination of the spinal 
eord. 

• L3 — the snbeostal plane, a line joining the lowest point of the thoraeie 
eage on eaeh side, which is the inferior margin of the lOth rib. It passes 
throngh the origin of the inferior mesenterie artery 

• L4—the plane ofthe iliae erests. This eorresponds to the level of the bifur- 
eation of the aorta. It is also a useful landmark in performing a lumbar 
puncture, sinee it is well below the level of the termination of the spinal 
eord, which is approximately at L1 (see page 338). 

• The umbilicus is an ineonstant landmark. In the healthy adult it lies at 
the junction of L3 and L4 vertebrae. It is lower in the infant and, natnrally, 
when the abdomen is pendulous. It is higher in late pregnaney. 


Surface markìngs (Fig.42b) 

The abdominal viseera are ineonstant in their position but the surface 
markings of the following structures are of elinieal value. 
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the 5th intereostal spaee R to the 5th intereostal spaee L 
in mid clavicular line, and lower margin lOth rib 

The aorta bifurcates at L4 which is in line with the 
iliae erests 


Fig. 42 (a) Boundaries, 
bony landmarks and 
vertebral levels of the 
abdomen. (b) The snrfaee 
markings of the liver and 
aorta. 
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Liver 

The lower border of the liver extends along a line from the tip of the right 
lOth rib to the left 5 ^^ intereostal spaee in the mid elavienlar line; it may just 
be palpable in the normal snbjeeh espeeially on deep inspiration. The upper 
border follows a line passing throngh the 5th intereostal spaee on eaeh 
side. 

Spleen 

This nnderlies the 9th, lOth and llth ribs posteriorly on the left 
side eommeneing 2 in (5 em) from the midline. It is about the size of the 
subject's cupped hand. 

Gall-bladder 

The fundus of the gall-bladder eorresponds to the point where the lateral 
border of the rectus abdominis cuts the eostal margin; this is at the tip of the 
9th eostal eartilage, easily deteeted as a distinet 'step' when the fingers are 
run along the eostal margin. 

Panereas 

The transpylorie plane defines the level of the neek of the panereas which 
overlies the vertebral eolnmn. From this landmark, the head ean be imag- 
ined passing downward and to the right, the body and tail passing 
upwards and to the left. 

Aorta 

This terminates just to the left of the midline at the level of the iliae erest at 
L4; a pnlsatile swelling below this level may thus be an iliae, but eannot be 
an aortie, anenrysm. 

Kidneys 

The lower pole of the normal right kidney may sometimes be felt in the thin 
snbjeet on deep inspiration. Anteriorly, the hilum of the kidney lies on the 
transpylorie plane four finger breadths from the midline. Posteriorly, the 
upper pole of the kidney lies deep to the 12th rib. The right kidney normally 
extends about 1 in (2.5 em) lower than the left. Using these landmarks, the 
kidney ontlines ean be projeeted on to either the anterior or posterior 
aspeets of the abdomen. 

In some perfeetly normal thin people, espeeially women, it is possible 
to palpate the lower pole of the right kidney and the sigmoid eolon if 
loaded with faeees; in most of us, only the aorta is palpable. 
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The faseiae and muscles of the 
abdominal wall 


Faseìae of the abdomìnal wall 

There is no deep faseia over the trunk, only the snperfieial faseia. (If there 
were, we would presumably be unable to take a deep breath or enjoy a large 
meal!) This, in the lower abdomen, forms a superficial fatty layer (ofCanvper) 
and a áe&per fihrons layer {of Searpa). The fatty layer is continuous with the 
superficial fat of the rest of the body but the fibrous layer blends with the 
deep faseia of the npper thigh, extends into the penis and serotnm (or labia 
majora), and into the perinenm as Colles' faseia. In the perinenm it is 
attaehed behind to the perineal body and posterior margin of the perineal 
membrane and, laterally to the rami of the pubis and isehinm. It is beeanse 
of these attaehments that a rupture of the urethral bulb may be followed by 
extravasation of blood and urine into the serotnm, perinenm and penis and 
then into the lower abdomen deep to the fibrons faseial plane, but not by 
extravasation downwards into the lower limb, from which the fluid is 
excluded by the attaehment of the faseia to the deep faseia of the npper 
thigh. 


Nerve supply 

The segmental nerve supply of the abdominal mnseles and the overlying 
skin is derived from T7 to L1. This distribntion ean be mapped out approxi- 
mately if it is remembered that the umbilicus is supplied by TIO and the 
groin and serotnm by L1 (via the ilio-inguinal and iliohypogastrie nerves— 
see Fig. 140). 


The muscles of the anterìor abdomìnal wall 

These are of eonsiderable praetieal importanee beeanse their anatomy 
forms the basis of abdominal ineisions. 

The reetiis abdominis (Fig. 43) arises on a 3 in (7.5 em) horizontal line from 
the 5th, 6th and 7th eostal eartilages and is inserted for a length of 
lin (2.5 em) into the erest of the pubis. At the tip of the xiphoid, at the 
umbilicus and half-way between, are three eonstant transverse tendinoiis 
interseetions; below the umbilicus there is sometimes a fourth. These inter- 
seetions are seen only on the anterior aspeet of the muscle and here they 
adhere to the anterior rectus sheath. Posteriorly they are not in evidenee 
and, in consequence, the rectus muscle is eompletely free behind. At eaeh 
interseetion, vessels from the snperior epigastrie artery and vein pieree the 
rectus. 

The sheath in which the reehis lies is formed, to a large extenL by the 
aponenrotie expansions of the lateral abdominal mnseles (Fig. 44). 
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Fig. 43 Anterior abdominal wall. The anterior reetns sheath on the left side has been 
refleeted laterally. 
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Fig. 44 The eomposition of the reetns sheath shown in transverse seetion (a) above 
the eostal margin, (b) above the arenate line and (e) below the arenate line. 




























































The abdomen and pelvis 



(a) Above the eostal margin, the anterior sheath eomprises the external 
oblique aponenrosis only; posteriorly lie the eostal eartilages. 

(b) From the eostal margin to a point half-way between umbilicus and 
pubis, the external oblique and the anterior part of the internal oblique 
aponeurosis form the anterior sheath. Posteriorly lie the posterior part of 
this split intemal oblique aponeurosis and the aponeurosis of transversus 
abdominis. 

(e) Below a point half-way between umbilicus and pubis, all the 
aponeuroses pass in front of the rectus so that the anterior sheath here eom- 
prises the tendinons expansions of all three oblique muscles blended 
together. The posterior wall at this level is made up of the only other struc- 
tures available—the transversalis faseia, (the thiekened extraperitoneal 
faseia of the lower abdominal wall), and peritonenm. 

The posterior jnnetion between (b) and (e) is marked by the areiiate line 
ofDoiiglas, which is the lower border of the posterior aponenrotie part of the 
rectus sheath. At this point the inferior epigastrie artery and vein (from the 
external iliae vessels) enter the sheath, pass upwards and anastomose with 
the snperior epigastrie vessels which are terminal branehes of the internal 
thoraeie artery and vein. The rectus sheaths fuse in the midline to form the 
linea alba stretehing from the xiphoid to the pubic symphysis. 

The lateral muscles of the abdominal wall eomprise the external and 
internal oblique and the transverse mnseles. These eorrespond to the three 
layers of muscle of the ehest wall—external, internal and innermost inter- 
eostals, and, like them, have their neurovascular bundles rnnning between 
the seeond and third layer. They are elinieally important in making up the 
rectus sheath and the ingninal eanal, and also because they must be divided 
in making lateral abdominal ineisions. 

Their attaehments ean be remembered when one bears in mind that 
they fill the spaee between the eostal margin above, the iliae erest below, 
and the lumbar muscles eovered by lumbar faseia behind. Medially as 
already noted, they eonstitnte the rectus sheath and thenee blend into the 
linea alba from xiphoid to pubic erest. 

The ohliquus externus ahdominis (external oblique) arises from the outer 
surfaces of the lower eight ribs and fans out into the xiphoid, linea alba, the 
pubic erest, pubic hiberele and the anterior half of the iliae erest. 

From the pubic tubercle to the anterior superior iliae spine its lower 
border forms the aponenrotie ingninal ligament ofPonpart. 

The ohliquus intermis ahdominis (internal oblique) arises from the lumbar 
faseia, the anterior two-thirds of the iliae erest and the lateral two-thirds of 
the ingninal ligament. It is inserted into the lowest six eostal eartilages, 
linea alba and the pubic erest. 

The transversns ahdominis arises from the lowest six eostal eartilages 
(interdigitating with the diaphragm), the lumbar faseia, the anterior two- 
thirds of the iliae erest and the lateral one-third of the ingninal ligament; it is 
inserted into the linea alba and the pubic erest. 

Note that the external oblique passes downwards and forwards, the 
internal oblique upwards and forwards and the transversus transversely. 
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Note also that the external oblique has its posterior border free but the 
deeper two muscles both arise posteriorly from the lumbar faseia. 

The anatomy of abdomìnal ìneisìons 

ineisions to expose the intraperitoneal structures represent a eompromise 
on the part of the operator. On the one hand he requires maximum aeeess; 
on the other hand he wishes to leave a sear which lies, if possible, in an 
unobtrusive erease, and which will have done minimal damage to the 
muscles of the abdominal wall and to their nerve supply. 

The nerve supply to the lateral abdominal muscles forms a riehly eom- 
municating network so that cuts aeross the lines of fibres of these muscles, 
with division of one or two nerves, prodnee no elinieal ill-effeets. The seg- 
mental nerve supply to the rectus, however, has little cross-communication 
and damage to these nerves must, if possible, be avoided. 

The copious anastomoses between the blood vessels supplying the 
abdominal muscles make damage to these by operative ineisions of no 
praetieal importanee. 

Midline ineision 

The midline ineision is made throngh the linea alba. Superiorly this is a rel- 
atively wide fibrous structure, but below the umbilicus it beeomes almost 
hair-line and the surgeon may experience diffienlty in finding the exact 
point of eleavage between the reeti at this level. Being made of fibrous 
tissue only it provides an almost bloodless line along which the abdomen 
ean be opened rapidly and, if neeessary from Dan in the North to Beersheba 
in the South! 


Paramedian ineision 

The paramedian ineision is plaeed lin (2.5 em) to 1.5 in (4cm) laterab and 
paralleb to the midline; the anterior rectus sheath is opened, the rectus dis- 
plaeed laterally and the posterior sheath, together with peritonenm, then 
ineised. This ineision has the advantage that, on suturing the peritoneum, 
the reehis slips baek into plaee to eover and proteet the peritoneal sear. 

The adherenee of the anterior sheath to the rectus muscle at its tendi- 
nous interseetions means that the sheath must be disseeted off the muscle at 
eaeh of these sites, and at eaeh of these a segmental vessel requires division. 
Having done this, the reehis is easily slid laterally from the posterior sheath 
from which it is quite free. The posterior sheath and the peritonenm form a 
tough membrane down to half-way between pubis and umbilicus, but it is 
much thinner and more fatty below this where, as we have seen, it loses its 
aponenrotie eomponent and is made up of only transversalis faseia and 
peritoneum. The inferior epigastrie vessels are seen passing under the 
arenate line of Douglas in the posterior sheath and usually require division 
in a low paramedian ineision. 
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The transrectus ineision 

Oeeasionally, the reetns mnsele is split in the line of the paramedian inei- 
sion. The reetns reeeives its nerve snpply laterally and the mnsele medial to 
the ineision mnst, in consequence, be deprived of its innervation and 
nndergo atrophy; it is an ineision therefore best avoided. 

Subcostal ineision 

The snbeostal (Koeher) ineision is used on the right side in biliary snrgery 
and, on the left, in exposure of the spleen. The skin ineision eommenees at 
the midline and extends parallel to, and lin (2.5 em) below, the eostal 
margin. 

The anterior rectus sheath is opened, the rectus cut and the posterior 
sheath with nnderlying adherent peritonenm ineised. The small 8th inter- 
eostal nerve braneh to the rectus is saerifieed but the larger and more impor- 
tant 9th nerve, in the lateral part of the woimd, is preserved. The divided 
rectus muscle is held by the interseetions above and below and retraets very 
little. It subsequently heals by fibrons tissue. This ineision is valnable in the 
patient with the wide snbeostal angle. VVhere this angle is narrow, the para- 
median ineision is usually preferred. 

The muscle split or gridiron approaeh to 
the appendix 

The oblique skin ineision eentred at MeBiirney's point (two-thirds of the way 
laterally along the line from the umbilicus to the anterior snperior iliae 
spine) is now less popnlar than an aknost transverse ineision in the line of 
the skin erease forwards from, and 1 in (2.5 em) above, the anterior spine. 

The aponenrosis of the external oblique is ineised in the line of its fibres 
(obliquely downwards and medially); the internal oblique and transversns 
mnseles are then split in the Hne of their fibres, and retraeted without their 
having to be divided. On elosing the ineision, these mnseles snap together 
again, leaving a virtnally nndamaged abdominal wall. 

Transverse and oblique ineisions 

ineisions entting throngh the lateral abdominal mnseles do not damage 
their riehly anastomosing nerve supply and heal without weakness. They 
are useful, for example, in exposing the sigmoid eolon or the eaeenm or, by 
displaeing the peritonenm medially extraperitoneal structures such as the 
ureter, sympathetie ehain and the external iliae vessels. 

Thoraeo-abdominal ineisions 

An upper paramedian or upper oblique abdominal ineision ean be 
extended throngh the 8th or 9th intereostal spaee, the diaphragm ineised 
and an extensive exposure aehieved of both upper abdomen and thorax. 
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This is used, for example, on the left in removing growths of the upper 
stomaeh or lower oesophagus and on the right in reseetion of the right lobe 
of the liver. 


Paraeentesis abdominis 

Intraperitoneal fluid eolleetions ean be evaenated via a eannnla inserted 
throngh the abdominal walL The bladder having been first emptied with a 
eatheter, the eannnla is introdneed on a troear either through the midline 
(where the linea alba is relatively bloodless) or lateral to McBurney's point 
(where there is no danger of wounding the inferior epigastrie vessels). The 
eoils of gut are not in danger in this proeednre beeanse they are mobile and 
are pushed away by the tip of the troear. These two landmarks are also used 
for insertion of eannnlae for laparoseopie snrgery. 

The ìnguìnal eanal (Fig. 45 ) 

This eanal represents the oblique passage taken throngh the lower abdomi- 
nal wall by the testis and eord (the round ligament in the female). 

Questions on the anatomy of this region are probably asked more often 
than any other in examinations beeanse of its importanee in diagnosis and 
treatment of hemias. 

The eanal is 1.5in (4cm) long. It passes downwards and medially from 
the internal to the external ingninal rings and lies parallel to and immedi- 
ately above, the ingninal ligament. 
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Fig. 45 The right inguinal eanal (a) with the external oblique aponeurosis intaet, 
(b) with the aponeurosis laid open. 
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Relations 

• Anteriorly — the skin, snperfieial faseia and the external oblique 
aponenrosis eover the full length of the eanal; the internal oblique eovers its 
lateral one-third. 

• Posteriorly — the eonjoint tendon forms the posterior wall of the eanal 
medially, the transversalis faseia laterally (The eonjoint tendon represents 
the fused eommon insertion of the internal oblique and transversns into the 
pubic erest and peetineal line.) 

• Above — areh the lowest fibres of the internal oblique and transversns 
abdominis. 

• Below—lies the ingninal ligament. 

The internal (or deep) ring represents the point at which the spermatie 
eord pushes through the transversalis faseia, dragging from it a eovering 
which forms the internal spermatie faseia. This ring is demareated medially 
by the inferior epigastrie vessels passing upwards from the external iliae 
artery and vein. 

The external (or snperfieial) ring is a V-shaped defeet in the external 
oblique aponeurosis and lies immediately above and medial to the pubic 
tubercle. As the eord traverses this opening, it earries the external spermatie 
faseia from the ring's margins. 

The ingninal eanal transmits the spermatie eord and the ilio-inguinal 
nerve in the male and the round ligament and ilio-inguinal nerve in the 
female. 

The spermatie eord eomprises (Fig. 46): 

• three layers of faseia—the external spermatie, from the external oblique 
aponeurosis; the eremasterie, from the internal oblique aponeurosis (eon- 
taining muscle fibres termed the eremaster mnsele)-, the internal spermatie, 
from the transversalis faseia; 

• three arteries—the testienlar (from the aorta); the eremasterie (from the 
inferior epigastrie artery); the artery of the vas (from the inferior vesieal 
artery); 

• three veins—the pampiniform plexus of veins, (draining the right testis 
into the inferior vena eava and the left into the left renal vein), and the ere- 
masterie vein and vein of the vas, which aeeompany their eorresponding 
arteries. 

• three nerves — the nerve to the eremaster (from the genito-femoral 
nerve); sympathetie fibres from TlO-11 spinal segments; the ilio-inguinal 
nerve (strietly on and not in the eord); 
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Fig. 46 Seheme of the 
spermatie eord and its 
eontents, in transverse 
seetion. 











Peritoneal eavity 



• three other structures—the vas deferens, lymphaties of the testis, which 
pass to the para-aortie lymph nodes and, pathologieally present as the third 
structure, a patent proeessns vaginalis in patients with an indireet ingninal 
hernia! 


eiinieal features 


An indireet ingninal hernia passes throngh the internal ring, along the eanal 
and then, if large enough, emerges through the external ring and deseends 
into the serotnm. If redneible, such a hernia ean be eompletely eontrolled by 
pressure with the fingertip over the internal ring, which lies 0.5 in (12 mm) 
above the point where the femoral artery passes under the inguinal liga- 
ment, i.e. 0.5 in (12 mm) above the femoral pulse. This pulse ean be felt at the 
mid-inguinal point, half-way between the anterior superior iliae spine and 
the symphysis pubis (see Fig. 153). 

If the hernia protrndes throngh the external ring, it ean be felt to lie 
above and medial to the pubic hiberele, and is thus differentiated from a 
femoral hernia emerging from the femoral eanal, which lies below and 
lateral to this landmark (see Fig. 176). 

A direet ingninal hernia pushes its way direetly forwards through the 
posterior wall of the inguinal eanal. Sinee it lies medial to the internal ring, it is 
not eontrolled by digital pressnre applied immediately above the femoral 
pulse. Oeeasionally, a direet hernia beeomes large enough to push its way 
through the external ring and then into the neek of the serotnm. This is so 
unusual that one ean usually assume that a serotal hernia is an indireet hernia. 

The only eertain way of determining the issue is at operation; the infe- 
rior epigastrie vessels demareate the medial edge of the internal ring, there- 
fore an indireet hernia sae will pass lateral and a direet hernia medial to 
these vessels. Quite often both a direet and an indireet hemia coexist; they 
bulge through on eaeh side of the inferior epigastrie vessels like the legs 
of a pair of pantaloons. 


Peritoneal eavity 


The endothelial lining of the primitive eoelomie eavity of the embryo 
beeomes the thoraeie pleura and the abdominal peritonenm. Eaeh is invagi- 
nated by ingrowing viseera which thus eome to be eovered by a serous 
membrane and to be paeked snugly into a serous-lined eavity, the viseeral 
and parietal layer respeetively. 

In the male, the peritoneal eavity is eompletely elosed, but in the female 
it is perforated by the openings of the nterine hibes which eonstitnte a pos- 
sible pathway of infeetion from the exterior. 

To revise the eomplieated attaehments of the peritoneum, it is best to 
start at one point and traee this membrane in an imaginary round-trip of 
the abdominal eavity, aided by Figs 47 and 48. A eonvenient point of 
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Fig. 47 The peritoneal eavity in longitndinal seetion (female) 
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departure is the parietal peritonenm of the anterior abdominal wall below 
the umbilicus. At this level the membrane is smooth apart from the shallow 
ridges formed by the median umbilical fold (the obliterated fetal urachus 
passing from the bladder to the umbilicus), the medial umbilical folds (the 
obliterated umbilical arteries passing to the umbilicus from the internal 
iliae arteries) and the lateral nmbilieal folds (the peritoneum eovering the 
inferior epigastrie vessels). 

A cicatrix ean usually be felt and seen at the posterior aspeet of the 
umbilicus, and from this the faleiform ligament sweeps upwards and slightly 
to the right of the midline to the liver. In the free border of this ligament lies 
the ligamentiim teres (the obliterated fetal left umbilical vein) which passes 
into the groove between the quadrate lobe and left lobe of the liver. 

Elsewhere, the peritoneum sweeps over the inferior aspeet of the 
diaphragm, to be refleeted on to the liver (leaving a bare area demareated 
by the npper and lozver eoronary ligaments of the liver) and on to the right 
margin of the abdominal oesophagus. After enelosing the liver (for further 
details, see page 95), the peritoneum deseends from the porta hepatis as a 
double sheet, the lesser omentnm, to the lesser curve of the stomaeh. Here it 
again splits to enelose this organ, reforms at its greater curve, then loops 
downwards, then up again to attaeh to the length of the transverse eolon, 
forming the apron-like greater omentnm. 

The transverse eolon, in turn, is enelosed within this peritoneum which 
then passes upwards and backwards as the transverse mesoeolon to the 
posterior abdominal wall, where it is attaehed along the anterior aspeet of 
the panereas. 
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Fig. 48 (a) The peritoneal eavity in transverse seetion (throngh the foramen of 
Winslow). (b) The eorresponding CT sean throagh T12. 

At the base of the transverse mesoeolon, this donble peritoneal sheet 
divides onee again; the npper leaf passes upwards over the posterior 
abdominal wall to refleet on to the liver (at the bare area), the lower leaf 
passes over the lower part of the posterior abdominal wall to eover the 
pelvie viseera and to link up onee again with the peritonenm of the anterior 
wall. This posterior layer is, however, interrnpted by its being refleeted 
along an oblique line rnnning from the duodenojejunal flexure, above and 
to the left, to the ileoeaeeal jnnetion^ below and to the righfl to form the 
mesentery ofthe small intestine. 

The mesentery of the small intestine, the lesser and greater omenta and 
mesoeolon all earry the vasenlar supply and lymph drainage of their eon- 
tained viseera. 

The lesser sae (Fig. 48) is the extensive pouch lying behind the lesser 
omentnm and the stomaeh and projeeting downwards (althongh usually 
this spaee is obliterated) between the layers of the greater omentnm. Its left 
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Fig. 49 The foramen of 
Wmslow in transverse 
seetion. 


wall is formed by the spleen attaehed by the gastrosplenie and lienorenal liga- 
ments. The right extremity of the sae opens into the main peritoneal eavity 
via the epiploie foramen orforamen ofVVinslozv (Fig. 49), whose bonndaries are 
as follows: 

• anteriorly — the free edge of lesser omentnm, eontaining the eommon 
bile duct to the right, hepatie artery to the left and portal vein posteriorly; 

• posteriorly—the inf erior vena eava; 

• inferiorly—the Ist part of the duodenum, over which runs the hepatie 
artery before this aseends into the anterior wall of the foramen; 

• snperiorly—the eandate proeess of the liver. 


eiinieal features 


1 Oeeasionally a loop of intestine passes throngh the foramen of Winslow 
into the lesser sae and beeomes strangnlated by the edges of the foramen. 
Notiee that none of these important bonndaries ean be ineised to release the 
strangnlation; the bowel must be deeompressed by a needle to allow its 
rednetion. 

2 It is important to the snrgeon that the hepatie artery ean be eompressed 
between his index finger within the foramen of Winslow and his thumb on 
its anterior wall. If the eystie artery is torn during eholeeysteetomy haemor- 
rhage ean be eontrolled by this manoenvre (named after James Pringle), 
which then enables the damaged vessel to be identified and seenred. 

Intraperìtoneal fossae 

A number of fossae occur within the peritoneal eavity into which loops of 
bowel may beeome caught and strangnlated. Those of importanee are: 

1 the lesser sae via the foramen of Winslow, deseribed above; 

2 paraduodenalfossa-~hetween the duodenojejunal £lexure and the inferior 
mesenterie vessels; 

3 retroeaeeal fossa—in which the appendix frequently lies; 

4 intersigmoid /dssíi— formed by the inverted V attaehment of the 
mesosigmoid. 
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Fig. 50 The anatomy of (a) the right and (b) the left snbphrenie spaees in sagittal 
seetion. 


The subphrenic spaees (Fig.so) 

Below the diaphragm are a number of potential spaees formed in relation to 
the attaehments of the liver. One or more of these spaees may beeome filled 
with pus (a subphrenic abseess) walled off inferiorly by adhesions. There 
are five snbdivisions of elinieal importanee. 

The right and left siibphrenie spaees lie between the diaphragm and the 
liver, separated from eaeh other by the faleiform ligament. 

The right and left snhhepatie spaees lie below the liver. The right is the 
poneh of Morison and is bonnded by the posterior abdominal wall behind 
and by the liver above. It eommnnieates anteriorly with the right sub- 
phrenie spaee aronnd the anterior margin of the right lobe of the liver and 
below both open into the general peritoneal eavity from which infeetion 
may traek, for example, from a perforated appendix or a perforated peptie 
ulcer. The left subhepatic spaee is the lesser sae which communicates with 
the right throngh the foramen of Winslow. It may fill with fluid as a result of 
a perforation in the posterior wall of the stomaeh or from an inflamed or 
injnred panereas to form a psendoeyst of the panereas. 

The right extraperitoneal spaee lies between the bare area of the liver and 
the diaphragm. It may beeome involved in retroperitoneal infeetions or 
direetly from a liver abseess. 

Posterior snbphrenie abseesses are drained by an ineision below, or 
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through the bed of, the 12th rib. A finger is then passed upwards and for- 
wards between liver and diaphragm to open into the abseess eavity. An 
anteriorly plaeed eolleetion of pus below the diaphragm ean alternatively 
be drained via an ineision plaeed below and parallel to the eostal margin. 
Nowadays, intra-abdominal £luid eolleetions ean often be drained perenta- 
neously under ultrasound or CT eontrol. 
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The stomaeh 

The stomaeh is ronghly J-shaped, although its size and shape vary eonsid- 
erably. It tends to be high and transverse in the obese short snbjeet and to be 
elongated in the asthenie individual; even in the same person, its shape 
depends on whether it is full or empty on the position of the body and on 
the phase of respiration. The stomaeh has two surfaces — the anterior and 
posterior; two curvatures — the greater and lesser; and two orifiees — the 
eardia and pylorus (Fig. 51). 

The stomaeh projeets to the left, above the level of the eardia, to form the 
dome-Hke gastriefundus. Between the eardia and the pylorns lies the bod\/ of 
the stomaeh leading to a narrow portion, immediately preeeding the 
pylorns, which is termed the pylorie antrum. The junction of the body with 
the pylorie antrum is marked by a distinet noteh on the lesser curvature 
termed the ineisiira angnlaris. The junction of pylorns with duodenum is 
marked by a eonstrietion externally and also by a eonstant vein (of Mayo) 
which erosses it at this level. 

The thiekened pylorie sphineter is easily felt and surrounds the lumen of 
the pylorie eanal. The pylorie sphineter is an anatomieal structure as well as a 
physiologieal meehanism. The eardia, on the other hand, although eompe- 
tent (gastrie eontents do not flow out of your mouth if you stand on your 
head), is not demareated by a distinet anatomieal sphineter. The exact 
nature of the eardiae sphineter aetion is still not fully understood, but the 
following meehanisms have been snggested, eaeh supported by some 
experimental and elinieal evidenee. 
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Fig. 51 The stomaeh and 
its subdivisions. 
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1 Mneosal folds at the oesophagogastrie junction aet as a valve. 

2 The acute angle of entry of oesophagns into stomaeh prodnees a valve- 
like effeet. 

3 The eirenlar muscle of the lower oesophagus is a physiologieah as dis- 
tinet from an anatomieal, sphineter. 

4 The arrangement of the muscle fibres of the stomaeh around the eardia 
aets either as a sphineter or else maintains the acute angle of entry of 
oesophagns into stomaeh. 

5 The right crus of the diaphragm aets as a 'pineh-eoek' to the lower 
oesophagns as it pierees this muscle. 

6 The positive intra-abdominal pressnre eompresses the walls of the short 
segment of intra-abdominal oesophagns. 


Relations of the stomaeh (Fig. 52 ) 

• Anteriorly—the abdominal walh the left eostal margin, the diaphragm 
and the left lobe of the liver. 

• Posteriorly—the lesser sae, which separates the stomaeh from the pan- 
ereas, transverse mesoeolon, left kidney left snprarenal, the spleen and the 
splenie artery 

• Snperiorly—the left dome of the diaphragm. 

The lesser omentnm is attaehed along the lesser curvature of the 
stomaeh, the greater omentum along the greater curvature. These omenta 
eontain the vasenlar and lymphatie supply of the stomaeh. 

The arterial snpply (Fig. 53) to the stomaeh is extremely rieh and 
eomprises: 

• the lef t gastrie artery—from the eoeliae axis; 

• the right gastrie artery—from the hepatie artery; 
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Fig. 52 The posterior relations of the stomaeh; the stomaeh (grey tint) is 
snperimposed upon its bed. 
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Fig. 53 The arterial supply of the stomaeh. 
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Fig. 54 The lymph drainage of the stomaeh. 

• Area I drains along the right and left gastrie vessels to the aortie nodes. 

• Area II drains to the snbpylorie and thenee aortie nodes via lymphaties along the 
right gastro-epiploie vessels. 

• Area III drains via lymphaties along the splenie vessels to the snprapanereatie 
nodes and thenee to aortie nodes. 


• the right gastro-epiploie artery—from the gastroduodenal braneh of the 
hepatie artery; 

• the left gastro-epiploie artery—from the splenie artery; 

• the short gastrie arteries—from the splenie artery 
The eorresponding veins drain into the portal system. 

The lymphatie drainage of the stomaeh aeeompanies its blood vessels. 
The stomaeh eanbe divided into three drainage zones (Fig. 54). 

• Area I—the superior two-thirds of the stomaeh drain along the left and 
right gastrie vessels to the aortie nodes. 

• Area II—the right two-thirds of the inferior one-third of the stomaeh 
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drain along the right gastro-epiploie vessels to the snbpylorie nodes and 
thenee to the aortie nodes. 

• Area III — the left one-third of the greater enrvatnre of the stomaeh 
drains along the short gastrie and splenie vessels lying in the gastrosplenie 
and lienorenal ligaments, then, via the snprapanereatie nodes, to the aortie 
gronp. 

This extensive lymphatie drainage and the teehnieal impossibility of its 
eomplete removal is one of the serions problems in dealing with stomaeh 
eaneer. Involvement of the nodes along the splenie vessels ean be dealt with 
by removing spleen, gastrosplenie and lienorenal ligaments and the body 
and tail of the panereas. Lymph nodes among the gastro-epiploie vessels 
are removed by excising the greater omenhim. However, involvement of 
the nodes aronnd the aorta and the head of the panereas may render the 
growth inenrable. 

The vagal supply to the stomaeh (Fig. 55 ) 

The anterior and posterior vagi enter the abdomen throngh the 
oesophageal hiatns. The anterior nerve lies elose to the stomaeh wall but 
the posterior, and larger, nerve is at a little distanee from it. The anterior 
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Fig. 55 The vagal supply 
to the stomaeh: 

(a) anterior vagus; 

(b) posterior vagus. 
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vagus supplies branehes to the eardia and lesser curve of the stomaeh and 
also a large hepatie braneh. The posterior vagus gives branehes to both the 
anterior and posterior aspeets of the body of the stomaeh but the bulk of 
the nerve forms the eoeliae braneh. This runs along the left gastrie artery to 
the eoeliae ganglion for distribntion to the intestine, as far as the midtrans- 
verse eolon, and the panereas. 

The exact means by which the vagal fibres reaeh the stomaeh is of eon- 
siderable praetieal importanee to the snrgeon. The gastrie divisions of both 
the anterior and posterior vagi reaeh the stomaeh at the eardia and deseend 
along the lesser curvature between the anterior and posterior peritoneal 
attaehments of the lesser omentnm (the anterior and posterior nerves of 
Latarjet). The stomaeh is innervated by terminal branehes from the anterior 
and posterior gastrie nerves and it is, therefore, possible to divide those 
branehes which supply the aeid-seereting body of the stomaeh yet preserv- 
ing the pylorie innervation (highly seleetive vagotomy see below). 

The vagus constitutes the motor and seeretory nerve supply for the 
stomaeh. When divided, in the operation of vagotomy, the nenrogenie 
(reflex) gastrie aeid seeretion is abolished but the stomaeh is, at the same 
time, rendered atonie so that it empties only with diffienlty; beeanse of this, 
total vagotomy must always be aeeompanied by some sort of drainage pro- 
cedure, either a pyloroplasty (to enlarge the pylorie exit and render the 
pylorie sphineter ineompetent) or by a gastrojejnnostomy (to drain the 
stomaeh into the proximal small intestine). Drainage ean be avoided if 
the nerve of Latarjet is preserved, thus maintaining the innervation and 
fnnetion of the pylorie antrnm (highly seleetive vagotomy). 


eiinieal features 


1 A posterior gastrie ulcer or eaneer may erode the panereas, giving pain 
referred to the baek. LJleeration into the splenie artery—a direet posterior 
relation—may cause torrential haemorrhage. 

2 There may be adhesions aeross the lesser sae which bring the transverse 
mesoeolon into intimate relationship with the stomaeh or greater omen- 
tum. In these eirenmstanees the middle eolie vessels are in danger of 
damage during mobilization of the stomaeh for gastreetomy. 

3 Radiology of the stomaeh (Fig. 56). A plain ereet film of the abdomen 
reveals a bubble of air below the left diaphragm; this is gas in the stomaeh 
fundus. After the subject has swallowed radio-opaque eontrast fluid, for 
example barium sulphate, the stomaeh ean be seen and its position, move- 
ments and ontline stndied. The wide variations in the position and shape of 
the stomaeh that we have already mentioned have eome to light prineipally 
as a result of such investigations. 

By tipping the snbjeet head-down, the opaque meal ean be made to 
impinge against the eardia; ineompetenee of this sphineter meehanism will 
be demonstrated by seeing barium regurgitate into the oesophagns. 

4 Gastroseopy. The mucosa of the air-inflated stomaeh ean be inspeeted in 
the living snbjeet throngh the gastroseope. With the modern fibre-optie 
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Fig. 56 Traeing of 
barium meal X-ray of 
the stomaeh. 
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instrnment the whole of the gastrie mneosa ean be viewed, the duodenum 
examined, and the eommon bile duct and the panereatie duct intubated for 
retrograde eontrast-enhaneed radiologieal study. 

The duodenum 

The duodenum curves in a C around the head of the panereas and is lOin 
(25 em) long. At its origin from the pylorns it is eompletely eovered with 
peritonenm for about lin (2.5 em), but then beeomes a retroperitoneal 
organ, only partially eovered by serous membrane. 

Relations (Figs57,58) 

For deseriptive pnrposes, the duodenum is divided into four seetions. 

The first part (2 in (5 em)) aseends from the gastrodnodenal jnnetion, 
overlapped by the liver and gall-bladder. Immediately posterior to it lie the 
portal vein, eommon bile duct and gastrodnodenal artery which separate it 
from the inferior vena eava. 

The seeond part (3in (7.5 em)) deseends in a curve around the head of 
the panereas. It is erossed by the transverse eolon and lies on the right 
kidney and ureter. Half-way along, its posteromedial aspeet enters the 
eommon opening of the bile duct and main panereatie duct {ofVslirsnng) on to 
an eminenee ealled the dnodenal papilla. This eommon opening is gnarded 
by the sphineter of Oddi. The snbsidiary panereatie diiet (of Santorini) opens 
into the duodenum a little above the papilla. 

The third part (4in (10 em)) runs transversely to the left, erossing the 
inferior vena eava, the aorta and the third lumbar vertebra. It is itself 
erossed anteriorly by the root of the mesentery and the snperior mesenterie 
vessels. Its upper border hugs the panereatie head. 
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Fig. 57 The relations of the duodenum. 
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Fig. 58 The duodenum and panereas disseeted to show the panereatie ducts and 
their orifiees. 


The fourth part (1 in (2.5 em)) aseends upwards and to the left to end at 
the duodenojejunal junction. It is surprisingly easy for the snrgeon to 
eonfnse this with the ileoeaeeal junction, a mistake which may be disas- 
trous. He eonfirms the identity of the dnodenal termination by the presenee 
of the suspensory ligament ofTreitz, which is a well-marked peritoneal fold 
deseending from the right crus of the diaphragm to the duodenal termina- 
tion, and by visnalizing the inferior mesenterie vein which deseends 
from behind the panereas immediately to the left of the duodenojejunal 
junction. 
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Blood supply of the duodenum 

The superior panereatieodnodenal artery arises from the gastroduodenal 
artery; the inferior paereatieodnodenal artery originates as the first braneh 
of the snperior mesenterie artery These vessels both lie in the curve 
between the duodenum and the head of the panereas, snpplying both struc- 
tures. Interestingly their anastomosis represents the site of jnnetion of 
the fore-gut (supplied by the eoeliae artery), and the mid-gut (supplied by 
the superior mesenterie artery), at the level of the dnodenal papilla (see 
page 86). 


eiinieal features 


1 The first part of the duodenum is overlapped by the liver and gall- 
bladdey either of which may beeome adherent to, or even nleerated by a 
dnodenal ulcer. Moreover, a gallstone may nleerate from the fundus of the 
gall-bladder into the duodenum. The gallstone may then impaet in the 
lower ileum as it traverses the gut to produce intestinal obstrnetion {gall- 
stone ileus). 

2 The panereas, as the duodenum's most intimate relation, is readily 
invaded by a posterior dnodenal ulcer. This should be suspected if the 
patienTs pain radiates into the dorsolnmbar region. Erosion of the gastro- 
dnodenal artery by such an ulcer results in severe haemorrhage. 

3 Extensive disseetion of a duodenum, searred by severe ulceration, iriay 
damage the eommon bile duct which passes behind the first part of the duo- 
denum about 1 in (2.5 em) from the pylorns. 

4 The hepatie flexure of the eolon erosses the seeond part of the duode- 
num and the latter may be damaged during the right hemieoleetomy Simi- 
larly the right kidney lies direetly behind this part of the duodenum, which 
may be injured in performing a right nephreetomy. 

5 Radiology of the dnodenmn. VVithin a few minntes of swallowing a barium 
meak the first part of the duodenum beeomes visible as a triangular shadow 
termed the diiodenal eap. Every few seeonds the duodenum eontraets, empty- 
ing this eap, which promptly proeeeds to fill again. It is in this region that the 
great majority of dnodenal ulcers occur; an actual ulcer erater may be visual- 
ized, filled with barium, or deformity of the eap, produced by sear tissue, 
may be evident. The rest of the duodenum ean also be seen, the shadowbeing 
floeenlar due to the rugose arrangement of the mucosa. 

6 Mohilisation ofthe diiodennm, together with the head of the panereas and 
termination of the eommon bile duct, is performed by ineising the peri- 
toneum lateral to the seeond part of the duodenum and developing the 
avasenlar plane between these structures and the posterior abdominal 
wall—Koeher's manoenvre. (See also page 91). 

Small ìntestine 

The length of the small intestine varies from 10 to 33 feet (3-10 m) in 
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different snbjeets; the average is some 24 feet (6.5 m). Reseetion of up to one- 
third or even half of the small intestine is eompatible with a perfeetly 
normal life, and survival has been reported with only 18 in (45 em) of small 
intestine preserved. 

The mesentery of the small intestine has a 6in (15 em) origin from the 
posterior abdominal walb which eommenees at the duodenojejunal junc- 
tion to the left of the 2nd lumbar vertebra, and passes obliquely down- 
wards to the right saero-iliae joint; it eontains the snperior mesenterie 
vessels, the lymph nodes draining the small gut and autonomic nerve 
fibres. 

The upper half of the small intestine is termed the jejiinnm, the remain- 
der is the ileiim. There is no sharp distinetion between the two and this 
division is a eonventional one only. The bowel does, however, ehange 
its eharaeter from above downwards, the following points enabling the 
snrgeon to determine the level of a loop of small intestine at operation. 

1 The jejunum has a thieker wall as the circular folds of mucosa {valvnlae 
eonniventes) are larger and thieker more proximally. 

2 The proximal small intestine is of greater diameter than the distal. 

3 The jejunum tends to lie at the nmbilieal region, the ileum in the supra- 
pubic region and pelvis. 

4 The mesentery beeomes thieker and more fat-laden from above 
downwards. 

5 The mesenterie vessels form only one or two areades to the jejunum, 
with long and relatively infrequent terminal branehes passing to the gut 
wall. The ileum is supplied by shorter and more numerous terminal vessels 
arising from eomplete series of three, four or even five areades (Fig. 59). 


Large intestìne 

The large intestine is snbdivided, for deseriptive pnrposes, into: 

• caecum with the appendix vermiformis; 

• aseending eolon (5-8 in (12-20 em)); 

• hepatie flexure; 

• transverse eolon (18 in (45 em)); 



(a) Jejunum 



(b) l(eum 


Fig. 59 The simple 
arterial areades of the 
jejunum (a) eompared 
with the complex areades 
of the ileum (b). 
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• splenie £lexure; 

• deseending eolon (9-12 in (22-30 em)); 

• sigmoid eolon (5-30in (12-75 em), average 15 in (37 em)); 

• rectum (5 in (12 em)); 

• anal eanal (1.5in (4cm)). 

The large bowel may vary eonsiderably in length in different snbjeets; 
the average is approximately 5 feet (1.5 m). 

The eolon (but not the appendix, caecum or rectum), bears eharaeteris- 
tie fat-filled peritoneal tags ealled appendiees epiploieae seattered over its 
surface. These are espeeially numerous in the sigmoid eolon. 

The eolon and caecum (but not the appendix or rectum) are marked by 
the taeniae eoli. These are three flattened bands eommeneing at the base of 
the appendix and rnnning the length of the large intestine to end at the ree- 
tosigmoid jnnetion. They represent the great bulk of the longitudinal 
muscle of the large bowel; because the taeniae are about a foot shorter than 
the gut to which they are attaehed, the eolon beeomes eondensed into its 
typieal saeenlated shape. These sacculations may be seen in a plain radi- 
ograph of the abdomen when the large bowel is distended and appear as 
ineomplete septa projeeting into the gas shadow. The radiograph of dis- 
tended small intestine, in eontrash eharaeteristieally has eomplete trans- 
verse lines aeross the bowel shadow due to the transverse mneosal folds of 
the valvnlae eonniventes. 


Peritoneal attaehments 

The transverse eolon and sigmoid are eompletely peritonealized (the 
former being readily identified by its attaehment to the greater omentum). 
The aseending and deseending eolon have no mesoeolon but adhere 
direetly to the posterior abdominal wall (althongh exceptionally the 
aseending eolon has a mesoeolon). The caecum may or may not be eom- 
pletely peritonealized, and the appendix, althongh usually free within its 
own mesentery oeeasionally lies extraperitoneally behind caecum and 
aseending eolon or adheres to the posterior wall of these structures. 

The rectum is extraperitoneal on its posterior aspeet in its upper third, 
posteriorly and laterally in its middle third and eompletely in its lower 
third as it sinks below the pelvie peritonenm. 

The appendix 

The appendix arises from the posteromedial aspeet of the caecum about 
1 in (2.5 em) below the ileoeaeeal valve; its length ranges from 0.5 in (12 mm) 
to 9in (22 em). In the fetus it is a direet outpouching of the caecum, but 
differential overgrowth of the lateral eaeeal wall resnlts in its medial 
displaeement. 

The position of the appendix is extremely variable—more so than that of 
any other organ (Fig. 60). Most frequently (75% of eases) the appendix lies 
behind the caecum. The appendix is usually quite free in this position 
although oeeasionally it lies beneath the peritoneal eovering of the caecum. 
If the appendix is very long, it may aetnally extend behind the aseending 
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Fig. 60 The positìons in 
which the appendix may 
lie, together with their 
approximate ineidenee. 
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Fig. 61 The blood supply 
of the appendix. 


eolon and abut against the right kidney or the duodenum; in these eases its 
distal portion lies extraperitoneally. 

In about 20% of eases, the appendix lies just below the caecum or else 
hangs down into the pelvis. Less eommonly it passes in front of or behind 
the terminal ileum, or lies in front of the caecum or in the right paraeolie 
gutter. 

A long appendix has been known to nleerate into the duodenum or per- 
forate into the left paraeolie gutter. It may well be said that 'the appendix is 
the only organ in the body that has no anatomy'. 

The mesentery of the appendix, eontaining the appendienlar braneh of 
the ileoeolie artery deseends behind the ileum as a triangular fold (Fig. 61). 
Another peritoneal sheet, the ileoeaeeal fold, passes to the appendix or to the 
base of the caecum from the front of the ileum. The ileoeaeeal fold is termed 
the hloodless fold ofTreves although, in faet, it often eontains a vessel and, if 
cut, proves far from bloodless. 


eiinieal features 


1 The lumen of the appendix is relatively wide in the infant and is fre- 
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quently eompletely obliterated in the elderly Sinee obstrnetion of the 
lumen is the usual preeipitating cause of acute appendieitis it is not unnat- 
urab therefore, that appendieitis should be uncommon at the two extremes 
of life. 

2 The appendienlar artery represents the entire vascular supply of the 
appendix. It runs first in the edge of the appendienlar mesentery and then, 
distally, along the wall of the appendix. Acute infeetion of the appendix 
may result in thrombosis of this artery with rapid development of gangrene 
and subsequent perforation. This is in eontrast to acute eholeeystitis, where 
the rieh eollateral vascular supply from the liver bed ensures the rarity of 
gangrene of the gall-bladder even if the eystie artery beeomes thrombosed. 

3 Appendieeetomy is usually performed through a muscle-splitting inei- 
sion in the right iliae fossa (see 'abdominal ineisions^ page 62). The caecum 
is delivered into the wound and, if the appendix is not immediately visible, 
it is loeated by traeing the taeniae eoli along the caecum—they fuse at the 
base of the appendix. When the caecum is extraperitoneal it may be diffienlt 
to bring the appendix up into the ineision; this is faeilitated by first mobiliz- 
ing the caecum by ineising the almost avasenlar peritoneum along its 
lateral and inferior borders. 

The appendix mesentery eontaining the appendienlar vessels, is firmly 
tied and divided, the appendix base tied, the appendix removed and its 
stump invaginated into the caecum. 

The rectum 

The rectum is 5in (12 em) in length. It eommenees anterior to the third 
segment of the sacrum and ends at the level of the apex of the prostate or at 
the lower quarter of the vagina, where it leads into the anal eanal. 

The rectum is straight in lower mammals (henee its name) but is curved 
in man to fit into the saeral hollow. Moreover^ it presents a series of three 
lateral in£lexions, eapped by the valves ofHonston, projeeting left, right and 
left from above downwards. 


Relations (Figs62,63) 

The main relations of the rectum are important. They must be visualized in 
earrying out a reetal examination, they provide the key to the loeal spread 
of reetal growths and they are important in operative removal of the 
rectum. 

Posteriorly lie sacrum and coccyx and the middle saeral artery which 
are separated from it by extraperitoneal eonneetive tissue eontaining the 
reetal vessels and lymphaties. The lower saeral nerves, emerging from the 
anterior saeral foramina^ may be involved by growth spreading posteriorly 
from the rectum^ resulting in severe seiatie pain. 

Anteriorly the upper two-thirds of the rectum are eovered by peri- 
toneum and relate to eoils of small intestine which lie in the cul-de-sac of 
the pouch of Douglas between the rectum and the bladder or the uterus. 
In front of the lower one-third lie the prostate, bladder base and seminal 
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Fig. 62 Sagittal seetion of the rectum and its related viseera in the male. 
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Fig. 63 Sagittal seetion of 
the rectum and its related 
viseera in the female. 


vesieles in the male, or the vagina in the female. A layer of faseia (Denonvil- 
liers) separates the reetnm from the anterior structures and forms the plane 
of disseetion which must be sought after in excision of the rectum. 

Laterally the rectum is supported by the levator ani. 

The anal eanal (Fig.64) 

The anal eanal is 1.5 in (4cm) long and is direeted downwards and baek- 
wards from the reetnm to end at the anal orifiee. The mid-anal eanal repre- 
sents the jnnetion between endoderm of the hind-gut and eetoderm of the 




























Fig. 64 The sphineters of 
the anus. 



cutaneous invagination termed the proetodaenm. Failure of breakdown of 
the separating membrane results in imperforate anus. 

1 The lower half is lined by squamous epithelium and the upper half by 
columnar epithelium; the latter presents vertieal eolnmns of mucosa {the 
eolnmns ofMorgagni) eonneeted at their distal extremities by valve-like folds 
{the valves ofBall). A eareinoma of the upper anal eanal is thus an adenoearei- 
noma, whereas that arising from the lower part is a squamous tumour. 

2 The blood supply of the upper half of the anal eanal is from the superior 
reetal vessels, whereas that of the lower half is the blood supply of the sur- 
rounding anal skin, the inferior reetal vessels, which derive from the inter- 
nal pndendak and ultimately the internal iliae vessels. The two venous 
systems communicate and therefore form one of the anastomoses between 
the portal and systemie eirenlations. 

3 The lymphaties above this mucocutaneous j^netion drain along the 
snperior reetal vessels to the lumbar nodes whereas, below this line, 
drainage is to the ingninal nodes. A eareinoma of the rectum which invades 
the lower anal eanal may thus metastasize to the groin nodes. 

4 The nerve supply to the upper anal eanal is via the autonomic plexuses, 
the lower part is supplied by the somatie inferior reetal nerve, a terminal 
braneh of the pndendal nerve (see Fig. 99b). (The lower eanal is therefore 
sensitive to the priek of a hypodermie needle, whereas injeetion of an inter- 
nal haemorrhoid with selerosant fluid, by passing a needle through the 
mucosa of the upper part of the eanab is painless.) 


The anal sphineter 


Forming the walls of the anal eanal is a rather eomplieated muscle arrange- 
ment which eonstitntes a powerful sphineter meehanism (Fig. 64). This 
eomprises: 

• the internal anal sphineter, of involnntary muscle, which continues above 
with the circular muscle eoat of the rectum; 

• the external anal sphineter, of voluntary muscle, which surrounds the 
internal sphineter and which extends fnrther downwards and curves medi- 
ally to occupy a position below and slightly lateral to the lower ronnded 
edge of the internal sphineter, elose to the skin of the anal orifiee. The lower- 
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most, or subcutaneous, portion of the external sphineter is traversed by a 
fan-shaped expansion of the longitndinal muscle fibres of the anal eanal 
which eontinne above with the longitndinal muscle of the reetal wall. At its 
upper end the external sphineter fuses with the fibres of levator ani. 

In earrying out a digital reetal examination, the ring of muscle on which 
the flexed finger rests just over an ineh from the anal margin is the anoreetal 
ring. This represents the deep part of the external sphineter where this 
blends with the internal sphineter and levator ani, and demareates the junc- 
tion between anal eanal and reetnm. 

The anal eanal is related posteriorly to the fibrons tissue between it 
and the coccyx (anoeoeeygeal body), laterally to the isehioreetal fossae eon- 
taining fat, and anteriorly to the perineal body separating it from the bulb 
of the urethra in the male or the lower vagina in the female. Note that the 
isehioreetal fossa is now often referred to, more aeenrately, as the isehio- 
anal fossa—it relates to the anal eanal rather than the rectum. 


Reetal examination 

The following structures ean be palpated by the finger passed per rectum in 
the normal patient: 

1 both sexes — the anoreetal ring (see above), coccyx and saernm, 
isehioreetal fossae, isehial spines; 

2 male—prostate, rarely the healthy seminal vesieles; 

3 female—perineal body, cervix, oeeasionally the ovaries. 

Abnormalities which ean be deteeted inelnde: 

1 within the lumen—faeeal impaetion, foreign bodies; 

2 in the wall—reetal growths, strietnres, grannlomata, ete., but not haem- 
orrhoids unless these are thrombosed; 

3 ontside the reetal wall — pelvie bony tumours, abnormalities of the 
prostate or seminal vesiele, distended bladder, nterine or ovarian enlarge- 
ment, eolleetions of fluid or neoplastie masses in the pouch of Douglas. 

Do not be deeeived by foreign objeets plaeed in the vagina. The eom- 
monest are a tampon or a pessary. 

During partnrition, dilatation of the eervieal os eanbe assessed by reetal 
examination sinee it ean be felt quite easily through the reetal wall. 


eiinieal features 


Haemorrhoìds 

Haemorrhoids (piles) are dilatations of the snperior reetal veins. Initially 
eontained within the anal eanal (Ist degree), they gradnally enlarge until 
they prolapse on defaeeation (2nd degree) and finally remain prolapsed 
throngh the anal orifiee (3rd degree). 

Anatomieally, eaeh pile eomprises: a venous plexus draining into one of 
the snperior reetal veins; terminal branehes of the eorresponding superior 
reetal artery; and a eovering of anal eanal mucosa and submucosa. 
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Fig. 65 The anatomy of 
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abseess. 
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The so-ealled 'thrombosed external pile' is a small tense haematoma at 
the anal margin eansed by rupture of a subcutaneous vein and is much 
better termed a perianal haematoma. 

Perìanal abseesses (Fig. 65) 

These may be loealized beneath the anal mucosa (submucous), be beneath 
perianal skin (subcutaneous) or occupy the isehioreetal (-anal) fossa, or, 
more anatomieally aeenrate^ the issehio. Oeeasionally, abseesses lie in the 
pelvireetal spaee above levator ani, alongside the rectum and deep to the 
pelvie peritoneum. 

Fìstulae (Fig. 65) 

Anal fistnlae usually result from rupture of perianal abseesses. They are 
elassified anatomieally and may be: 

• submucous—eonfined to the tissnes immediately below the anal 
mucosa; 

• subcutaneous—eonfined to the perianal skin; 

• low-level—passing throngh the lower part of the snperfieial sphineter 
(most eommon); 

• high-level—passing throngh the deeper part of the snperfieial 
sphineter; 

• anoreetal—which has its traek passing above the anoreetal ring and 
which may or may not open into the rectum. 

In laying op>en.fistnlae in ano, it is essential to preserve the anoreetal ring 
if faeeal ineontinenee is to be avoided. The lower part of the sphineter, on 
the other hand, ean be divided quite safely without this risk. 

Fì5sure in ano 

This is a tear in the anal mucosa; over 90% occur posteriorly in the midline. 
The anatomieal basis for this probably lies in the insertion of the snperfieial 
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eomponent of the external anal sphineter posteriorly into the coccyx; 
between the two limbs of the V thus formed, the mucosa is relatively 
unsupported and may therefore be torn by a hard faeeal mass at this site. 

Arterìal supply of the ìntestìne 

The alimentary traet develops from the fore-, mid- and hind-gut; the 
arterial supply to eaeh is diserete, although anastomosing with its neigh- 
bour. The fore-gut eomprises stomaeh and duodenum as far as the entry 
of the bile duct and is snpplied by branehes of the eoeliae axis which 
arises from the aorta at T12 vertebral level (see Fig. 53). The mid-gut 
extends from mid-duodenum to the distal transverse eolon and is supplied 
by the superior mesenterie artery (Fig. 66) arising from the aorta at Ll. Its 
branehes are: 

1 the inferior pancreaticoduodenal artery; 

2 jejunal and ileal branehes—supplying the bulk of the small intestine; 

3 the ileoeolie artery supplying terminal ileum, caecum and eommenee- 
ment of aseending eolon and giving off an appendienlar braneh to the appen- 
dix—the most eommonly ligated intra-abdominal artery; 

4 the right eolie artery—snpplying the aseending eolon; 

5 the middle eolie artery—snpplying the transverse eolon. 

The hind-gut reeeives its supply from the inferior mesenterie artery 
(Fig. 66), arising from the aorta at L3 and giving the following branehes: 

1 the left eolie artery—snpplying the deseending eolon; 

2 the sigmoid br anehes—supplying the sigmoid; 

3 the superior reetal artery—supplying the rectum. 

Eaeh braneh of the superior and inferior mesenterie artery anastomoses 
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Fig. 66 The superior and inferior mesenterie arteries and their branehes. 
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Fig. 67 The eomposition 
of the portal system. 
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with its neighbonr above and below so that there is, in faet, a continuous 
vascular areade along the whole length of the gastrointestinal eanal. 

The portal system of veìns 

The portal venous system drains blood to the liver from the abdominal part 
of the alimentary eanal (excluding the anal eanal), the spleen, the panereas 
and the gall-bladder and its ducts. 

The distal tributaries of this system eorrespond to, and aeeompany, the 
branehes of the eoeliae and the snperior and inferior mesenterie arteries 
ennmerated above; only proximally (Fig. 67) does the arrangement differ. 

The inferior mesenterie vein aseends above the point of origin of its artery 
to enter the splenie vein behind the panereas. 

The snperior mesenterie vein joins the splenie vein behind the neek of the 
panereas in the transpylorie plane to form the portal vein, which aseends 
behind the first part of the duodenum into the anterior wall of the foramen 
of Winslow and thenee to the porta hepatis. Here the portal vein divides 
into right and left branehes and breaks up into eapillaries nmning between 
the lobnles of the liver. These eapillaries drain into the radieles of the 
hepatie vein throngh which they empty into the inferior vena eava. 


Gonneetions betvveen the portal and systemie 
venous systems 


Normally, portal venous blood traverses the liver as deseribed above and 
empties into the systemie venous circulation via the hepatie vein and infe- 
rior vena eava. This pathway may be bloeked by a variety of causes which 
are elassified into: 
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• prehepatie — e.g. thrombosis or eongenital obliteration of the portal 
vein; 

• hepatie—e.g. eirrhosis of the liver; 

• posthepatie—e.g. eongenital stenosis of the hepatie veins. 

If obstrnetion from any of these eanses oeenrs, the portal venons pres- 
sure rises {portal hypertension) and eollateral pathways open up between the 
portal and systemie venous systems. 

These communications are: 

1 between the oesophageal braneh of the left gastrie vein and the 
oesophageal veins of the azygos system (these oesophageal variees are the 
cause of the severe haematemeses that may occur in portal hypertension); 

2 between the snperior reetal braneh of the inferior mesenterie vein and 
the inferior reetal veins draining into the internal iliae vein via its internal 
pudendal tributary; 

3 between the portal tribntaries in the mesentery and mesoeolon and 
retroperitoneal veins eommnnieating with the renah lumbar and phrenie 
veins; 

4 between the portal branehes in the liver and the veins of the abdominal 
wall via veins passing along the faleiform ligament from the umbilicus 
(which may result in the formation of a elnster of dilated veins which 
radiate from the navel and which are ealled the eapnt Mediisae)', 

5 between the portal branehes in the liver and the veins of the diaphragm 
aeross the bare area of the liver. 

A striking featnre of operations upon patients with portal hypertension 
is the extraordinary dilatation of every available ehannel between the two 
systems which renders such procedures tedious and bloody. 


Lymph draìnage of the ìntestìne (Fig.68) 

The arrangement of lymph nodes is relatively nniform throughout the 
small and large intestine. Numerous small nodes lying near, or even on, the 
bowel wall drain to intermediately plaeed and rather larger nodes along 
the vessels in the mesentery or mesoeolon and thenee to clumps of nodes 
sitnated near the origins of the snperior and inferior mesenterie arteries. 
From these^ efferent vessels link up to drain into the eisterna ehyli. 

The lymphatie drainage field of eaeh segment of bowel eorresponds 
fairly aeenrately to its blood supply. High ligation of the vessels to the 
involved segment of bowel with removal of a wide surrounding segment of 
mesoeolon will, therefore, remove the lymph nodes draining the area. Divi- 
sion of the middle eolie vessels and a reseetion of a generous wedge of 
transverse mesoeolon, for example, would be performed for a growth of 
transverse eolon. 


The structure of the alìmentary eanal 

The alimentary eanal is made up of mucosa demareated by the mnseidaris 
mneosae from the siibmneosa, the mnsele eoat and the serosa — ìhe last being 
absent where the gut is extraperitoneal. 
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Fig. 68 Lymph nodes of the large intestine. 


The oesophageal mucosa and that of the lower anal eanal is stratified 
squamous; elsewhere it is columnar. At the eardio-oesophageal junction 
this transition is quite sharp, although oeeasionally eolnmnar epithelinm 
may line the lower oesophagns. 

The gastrie mucosa bears simple erypt-like glands projeeting down 
to the muscularis mucosae. The pylorie antrum seeretes an alkaline juice 
eontaining mucus and the hormone gastrin. The body of the stomaeh 
seeretes pepsin and also HCh the latter from the oxyntic eells lying sand- 
wiched deeply between the snrfaee eells. The stomaeh mucosa also pro- 
duces intrinsie faetor. 

The mucosa of the duodenum and small intestine, as well as bearing 
erypt-like glands, projeets into the bowel lumen in villons proeesses 
which greatly inerease its surface area. The duodenum is distinguished 
by its erypts extending deep throngh the muscularis mucosae and opening 
into an extensive system of aeini in the submucosa termed Brimner's 
glands. 

The mucosa of the large intestine is lined almost entirely by mucus- 
seereting goblet eells; there are no villi. 

The muscle eoat of the alimentary traet is made up of an inner eirenlar 
layer and an outer longihidinal layer. In the upper two-thirds of the 
oesophagus and at the anal margin this muscle is voluntary; elsewhere it is 
involimtary. The stomaeh wall is reinforeed by an innermost oblique eoat of 
muscle and the eolon is eharaeterized by the eondensation of its longitndi- 
nal layer into three taeniae eoli. 

The antonomie nerve plexuses of Meissner and Anerbaeh lie respee- 
tively in the submucosal layer and between the eirenlar and longitndinal 
muscle eoats. 
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The development of the ìntestìne and its 
eongenìtal abnormalitìes (Fig.69) 

The primitive endodermal tube of the gut is divided into: 

1 the fore-gut (supplied by the eoeliae axis) extending as far as the entry of 
the bile duct into the duodenum; 

2 the mid-gut (supplied by the superior mesenterie artery) eontinning as 
far as the distal transverse eolon; 

3 the hind-gut (supplied by the inferior mesenterie artery) extending 
thenee to the eetodermal part of the anal eanal. 
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Fig. 69 Stages in rotation of the bowel. (a) The prolapsed mid-gut loop, seen in 
lateral view. (b) The mid-gut returns to the abdomen. (e) The caecum deseends to its 
definitive position. Note the eompletion of stomaeh-rotation with the formation of 
the lesser sae (omental bursa). 
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At an early stage rapid proliferation of the gut wall obliterates its lumen 
and this is followed by subsequent reeanalization. 

The fore-gut beeomes rotated with the development of the lesser sae so 
that the original right wall of the stomaeh eomes to form its posterior 
snrfaee and the left wall its anterior snrfaee. The vagi rotate with the 
stomaeh and therefore lie anteriorly and posteriorly to it at the oesophageal 
hiahis. 

This rotation swmgs the duodenum to the right and the mesentery of 
this organ then blends with the peritonenm of the posterior abdominal wall 
—this blending proeess is termed zygosis (see p. 98). 

The mid-gut enlarges rapidly in the 5-week fetus, beeomes too large to 
be eontained within the abdomen and herniates into the nmbilieal eord. 
The apex of this herniated bowel is continuous with the vitello-intestinal 
duct and the yolk sae, but this eonneetion, even at this early stage of fetal 
life, is already redneed to a fibrons strand. 

The axis of this herniated loop of gut is formed by the superior mesen- 
terie artery, which demareates a eephalie and a caudal limb. The eephalie 
element develops into the proximal small intestine; the caudal segment dif- 
ferentiates into the terminal 2 feet (62 em) of ileum, the caecum and the 
eolon as far as the jnnetion of the middle and left thirds of the transverse 
eolon. 

Abud which develops on the caudal segment indieates the site of subse- 
quent formation of the caecum; it may well be that this bud delays the 
rehirn of the caudal limb in favour of the eephalie gut during the subse- 
quent rednetion of the hemiated bowel. 

At 10 weeks this return of the bowel into the abdominal eavity eom- 
menees. The mid-gut loop first rotates anti-clockwise throngh 90° so that 
the eephalie limb now lies to the right and the eandal limb to the left. 

The eephalie limb retnrns firsh passing upwards and to the left into the 
spaee left available by the bulky liver. In doing so, this mid-gut passes 
hehind the superior mesenterie artery (which thus eomes to eross the third 
part of the duodenum) and also pushes the hind-gut—the definitive distal 
eolon—over to the left. 

When the caudal limb returns, it lies in the only spaee remaining to it, 
snperfieial to, and above, the small intestine with the caecum lying immedi- 
ately below the liver. 

The caecum then deseends into its definitive position in the right iliae 
fossa, dragging the eolon with it. The transverse eolon thus eomes to lie in 
front of the snperior mesenterie vessels and the small intestine. 

Finally the mesenteries of the aseending and deseending parts of the 
eolon blend with the posterior abdominal wall peritonenm by zygosis. This 
embryologieal fusion of peritoneal snrfaees is of major snrgieal importanee. 
Thus, in mobilising the right or left eolon, an ineision is made along this 
avasenlar line of zygosis lateral to the bowel, allowing it to be mobilised 
with its mesoeolon and blood supply. In a similar fashion, the duodenum, 
head of panereas and termination of the eommon bile duct ean be mobilised 
bloodlessly by ineising the peritonenm along the right border of the duode- 
num—Koeher's manoeuvre (see page 77). 




The abdomen and pelvis 



Numerous anomalies may occur in the highly complex developmental 
proeess. 

1 Atresia or stenosis ofthe bozvel may result from failure of reeanalization of 
the lumen. Another cause of this may be damage to the blood supply to the 
bowel within the fetal umbilical hernia with consequent isehaemie 
ehanges. Imperforate anns—see page 83. 

2 MeekeVs divertienliim represents the remains of the embryonie vitello- 
intestinal duct (communication between the primitive mid-gut and yolk 
sae) and is, therefore, always on the anti-mesenterie border of the bowel. As 
an approximation to the truth it ean be said to occur in 2% of snbjeets, twice 
as often in males as females, to be sitnated at 2 feet (62 em) from the ileoeae- 
eal jnnetion and to be 2 in (5 em) long. In faeh it may occur anywhere from 6 
in (15 em) to 12 feet (3.5 m) from the terminal ileum and vary from a tiny 
stump to a 6in (15 em) long sae. Oeeasionally the diverticulum ends in a 
whip-like solid strand. 

As well as a diverticulum—the eommonest form—this duct may persist 
as a fishila or band eonneeting the intestine to the umbilicus, as a eyst 
hanging from the anti-mesenterie border of the ileum or as a 'raspberry 
tumour' at the umbilicus, formed by the red mucosa of a persistent umbili- 
eal extremity of the diverticulum pouting at the navel (Fig. 70). 

The mucosa lining the diverticulum may eontain islands of peptie 
epithelinm with oxyntic (aeid-seereting) eells. Peptie nleeration of adjaeent 
intestinal epithelinm may then occur with haemorrhage or perforation. 

3 The caecum may fail to deseend; the peritoneal fold which normally 
seals it in the right iliae fossa passes, instead, aeross the duodenum and 
causes a neonatal intestinal obstrnetion. The mesentery of the small intes- 







Fig. 70 Abnormalities 
assoeiated with 
persistenee of the vitello- 
intestinal traet. (a) 
Meekel's diverticulum. 
(b) Patent vitello- 
intestinal duct. (e) Cyst 
within a fibrous eord 
passing from the anti- 
mesenterie border of the 
intestine to the 
umbilicus. (d) Meekel's 
diverticulum with 
terminal filament passing 
to umbilicus. 
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tine in such a ease is left as a narrow pediele, which allows volvulus of the 
whole small intestine to occur (volvulus neonatornm). 

4 Oeeasionally, reversed rotation occurs, in which the transverse eolon 
eomes to lie hehind the snperior mesenterie vessels with the duodenum in 
front of them; this may again be aeeompanied by extrinsic dnodenal 
obstrnetion due to a peritoneal fold. 

5 Exomphalos is persistenee of the mid-gut herniation at the umbilicus 
after birth. 


The gastrointestinal adnexae: 
liver, gall-bladder and its ducts, 
panereas and spleen 


The liver (Fig.7i) 

This is the largest organ in the body It is related by its domed upper surface 
to the diaphragm, which separates it from pleura, lungs, perieardinm and 
heart. Its postero-inferior (or viseeral) surface abuts against the abdominal 
oesophagns, the stomaeh, duodenum; hepatie flexure of eolon and the right 
kidney and snprarenal, as well as earrying the gall-bladder. 

The liver is divided into a larger right and small left lobe, separated 
snperiorly by the faleiform ligament and postero-inferiorly by an H-shaped 
arrangement of fossae (Fig. 71b and e): 

• anteriorly and to the right—the fossa for the gall-bladder; 

• posteriorly and to the right—the groove in which the inferior vena eava 
lies embedded; 

• anteriorly and to the left—the fissure eontaining the ligamentum teres; 

• posteriorly and to the left—the fissnre for the ligamentum venosum. 
The eross-bar of the H is the porta hepatis. Two subsidiary lobes are 

marked out on the viseeral aspeet of the liver between the limbs of this H— 
the quadrate lohe in front and the eandate lohe behind. 

The ligamentum teres is the obliterated remains of the left nmbilieal vein 
which, in utero, brings blood from the plaeenta baek into the fetus. The liga- 
mentus venosum is the fibrous remnant of the fetal ductus venosns which 
shunts oxygenated blood from this left nmbilieal vein to the inferior vena 
eava, short-circuiting the liver. It is easy enough to realize, then, that the 
grooves for the ligamentnm teres, ligamentnm venosnm and inferior vena 
eava, representing as they do the pathway of a fetal venous trunk, are eon- 
tinuous in the adult. See also fetal circulation page 38. 

Lying in the porta hepatis (which is 2in (5 em) long) are: 

1 the eommon hepatie duct—anteriorly; 

2 the hepatie artery—in the middle; 

3 the portal vein—posteriorly. 

As well as these, autonomic nerve fibres (sympathetie from the eoeliae 
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Fig. 71 The liver and its 
snbdivisions. (a) Anterior 
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axis and parasympathetie from the vagus), lymphatie vessels and lymph 
nodes are found there. 


Peritoneal attaehments 

The liver is enelosed in peritoneum except for a small posterior bare area, 
demareated by the peritoneum from the diaphragm refleeted on to it as the 
upper and lower layers of the eoronary ligament. To the right, these fuse to 
form the right triangnlar ligament. 

Thefaleiform ligament aseends to the liver from the umbilicus, somewhat 
to the right of the midline, and bears the ligamentnm teres in its free border. 
The ligamentnm teres passes into its fissnre in the inferior snrfaee of the 
liver while the faleiform ligament passes over the dome of the liver and 
then divarieates. Its right limb joins the upper layer of the eoronary liga- 
ment and its left limb stretehes out as the long narrow left triangnlar ligament 
which, when traeed posteriorly and to the right, joins the lesser omentnm in 
the upper end of the fissnre for the ligamentnm venosnm. 

The lesser omentnm arises from the fissnres of the porta hepatis and the 
ligamentnm venosnm and passes as a sheet to be attaehed along the lesser 
curvature of the stomaeh. 


Structure 

The liver is made up of lobules, eaeh with a solitary eentral vein which is a 
tribntary of the hepatie vein which, in tum, drains into the inferior vena 
eava. In spaees between the lobnles, termed portal eanals, lie branehes of the 
hepatie artery (bringing systemie blood) and the portal vein, both of which 
drain into the eentral vein by means of sinusoids traversing the lobule. 

Branehes of the hepatie diiet also lie in the portal eanals and reeeive fine 
bile eapillaries from the liver lobnles. 

Segmental anatomy 

The gross anatomieal division of the liver into a right and left lobe, demar- 
eated by a line passing from the attaehment of the faleiform ligament on the 
anterior surface to the fissures for the ligamentum teres and ligamentnm 
venosum on its posterior snrfaee, is simply a gross anatomieal deseriptive 
term with no morphologieal signifieanee. Stndies of the distribution of the 
hepatie blood vessels and ducts have indieated that the true morphologieal 
and physiologieal division of the liver is into right and left lobes demar- 
eated by a plane which passes throngh the fossa of the gall-bladder and the 
fossa of the inferior vena eava. Althongh these two lobes are not differenti- 
ated by any visible line on the dome of the liver, eaeh has its own arterial 
and portal venous blood supply and separate biliary drainage. This mor- 
phologieal division lies to the right of the gross anatomieal plane and in this 
the quadrate lobe eomes to be part of the left morphologieal lobe of the liver 
while the caudate lobe divides partly to the left and partly to the right lobe 
(Fig. 72). 
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Fig. 72 The morphologieal right and left lobes of the liver shown separated by the 
dotted line: (a) anterior and (b) ventral aspeet. Note that the quadrate lobe is 
morphologieally a part of the left lobe while the caudate lobe belongs to both right 
and left lobes. (e) The further segmental divisions of the liver. 


The right and left morphologieal lobes of the liver ean be further subdi- 
vided into a number of segments, four for eaeh lobe (Fig. 72c). The shident 
need not learn the details of these^ but of course to the hepatie surgeon, ear- 
rying out a partial reseetion of the liver, knowledge of these segments, with 
their individnal blood supply and biliary drainage, is of great importanee. 

At the hilum of the liver, the hepatie artery, portal vein and bile duct 
eaeh divide into right and left branehes and there is little or no anastomosis 
between the divisions on the two sides (Fig. 73). From the region of the 
porta hepatis, the branehes pass laterally and spread upwards and down- 
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Fig. 73 (a) Distribution of 
hepatie arteries. (b) 
Distribution of hepatie 
biliary ducts. 

Note that the quadrate 
lobe is supplied 
exclusively by the left 
hepatie artery and 
drained by the left 
hepatie duct. The caudate 
lobe is supplied by eaeh. 


Right lobe Gall-bladder 


Left lobe 



L. hepatíe 
duct 



wards throughout the liver substance, defining the morphologieal left and 
right lobes. 


The hepatìe veins (Figs 72c, 74) 

These veins are massive and their distribution is somewhat different 
from that of the portal, hepatie arterial and bile duct systems already 
deseribed. There are three major hepatie veins, eomprising a right, a eentral 
and a left. These pass upwards and backwards to drain into the inferior 
vena eava at the snperior margin of the liver. Their terminations are 
somewhat variable but usually the eentral hepatie vein enters the left 
hepatie vein near its termination. In other speeimens it may drain direetly 
into the eava. In addition, small hepatie venous tributaries run direetly 
backwards from the snbstanee of the liver to enter the vena eava more dis- 
tally to the main hepatie veins. AIthough these are not of great fnnetional 
importanee they obtrnde upon the snrgeon during the course of a right 
hepatie lobeetomy. 
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Fig. 74 Liver split open to demonstrate the tribntaries of the hepatie vein. 


The three prineipal hepatie veins have three zones of drainage eorre- 
sponding ronghly to the right, the middle and left thirds of the liver. The 
plane defined by the faleiform ligament eorresponds to the bonndary of 
the zones drained by the left and middle hepatie veins. Unfortunately for 
the snrgeon, the middle hepatie vein lies just at the line of the prineipal 
plane of the liver between its right and left morphologieal lobes and it is this 
faet which eomplieates the operation of right hepatie reseetion (Fig. 74). 

The bìliary system (Fig. 75 ) 

The right and left hepatie diiets fuse in the porta hepatis to form the eominon 
hepatie duct (1.5 in (4cm)). This joins with the eystie diiet (1.5 in (4cm)), drain- 
ing the gall-bladder, to form the eommon bile diiet (4in (10 em)). The eommon 
bile duct eommenees about lin (4cm) above the duodenum, then passes 
behind it to open at a papilla on the medial aspeet of the seeond part of the 
duodenum. In this course the eommon duct lies either in a groove in the 
posterior aspeet of the head of the panereas or is aehially buried in its sub- 
stanee. 

As a rule^ the eommon duct termination joins that of the main panere- 
atie duct (of Wirsung) in a dilated eommon vestibule, the ampidla of Vater, 
whose opening in the duodenum is guarded by the sphineter ofOddi. Oeea- 
sionally, the bile and panereatie ducts open separately into the duodenum. 

The eommon hepatie duct and the supraduodenal part of the eommon 
bile duct lie in the free edge of the lesser omentnm where they are related as 
follows (Fig. 49): 

• bile duct—anterior to the right; 

• hepatie artery—anterior to the left; 

• portal vein—posterior; 
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Fig. 75 The gall-bladder and its duct system. (The anterior wall of the seeond part of 
the duodenum has been removed.) 

• inferior vena eava—still more posterior, separated from the portal vein 
by the foramen of Winslow. 

The gall-bladder (Fig. 75 ) 

The gall-bladder normally holds abont 50 ml of bile and aets as a bile eon- 
eentrator and reservoir. It lies in a fossa separating the right and quadrate 
lobes of the liver and is related inferiorly to the duodenum and transverse 
eolon. (An inflamed gall-bladder may oeeasionally nleerate into either of 
these structures.) 

For deseriptive purposes, the organ is divided into fundus, body and 
neek, the latter opening into the eystie duct. In dilated and pathologieal 
gall-bladders there is frequently a pouch present on the ventral aspeet just 
proximal to the neek termed Hartmann's poneh in which gallstones may 
beeome lodged. 

Blood supply (Fig.76) 

The gall-bladder is snpplied by the eystie artery (a braneh usually of the 
right hepatie artery) which lies in the triangle made by the liver, the eystie 
duct and the eommon hepatie duct. Other vessels derived from the hepatie 
artery pass to the gall-bladder from its bed in the liver. Interestingly, there is 
no aeeompanying vein to the eystie artery. Small veins pass from the gall- 
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Fig. 76 The arterial 
supply of the gall- 
bladder and Galot's 
triangle. 


bladder through its bed direetly into tributaries of the right portal vein 
within the liver. 


Structure 

The gall-bladder wall and the sphineter of Oddi eontain muscle, but there 
are only seattered muscle fibres throughout the remaining biliary duct 
system. The mucosa is lined throughout by columnar eells and bears 
mucus-secreting glands. 

Development 

The gall-bladder and ducts are subject to numerous anatomieal variations 
which are best nnderstood by eonsidering their embryologieal develop- 
ment. A diverticulum grows out from the ventral wall of the duodenum 
which differentiates into the hepatie ducts and the liver (see Fig. 78). 
Another diverticulum from the side of the hepatie duct bud forms the gall- 
bladder and eystie duct. 

Some variations are shown in a series of diagrams (Fig. 77). 


eiinieal featnres 


1 Errors in gall-bladder surgery are frequently the result of failure to 
appreeiate the variations in the anatomy of the biliary system; it is impor- 
tanh therefore, before dividing any structures and removing the gall- 
bladder, to have all the three biliary ducts elearly identified, together with 
the eystie and hepatie arteries. The eystie artery is eonstantly found in 
Galot's triangle (Fig. 76), formed by the eystie duct, the eommon hepatie 
duct and the inferior aspeet of the liver. 

2 Haemorrhage during eholeeysteetomy may be eontrolled by eompress- 
ing the hepatie artery (which gives off the eystie braneh) between the finger 
and thumb where it lies in the anterior wall of the foramen of Winslow 
(Pringle's manoeuvre) (see Fig. 49). 

3 Gangrene of the gall-bladder is rare beeanse even if the eystie artery 
beeomes thrombosed in acute eholeeystitis there is a rieh seeondary blood 
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(b) (0 (d) 


Fig. 77 Some variations in biliary anatomy. (a) A long eystie duct joining the hepatie 
duct low down behind the duodenum. (b) Absenee of the eystie duct—the gall- 
bladder opens direetly into the eommon hepatie duct. (e) A double gall-bladder, the 
result of a rare bifid embryonie diverticulum from the hepatie duct. (d) The right 
hepatie artery erosses infront of the eommon hepatie duct; this occurs in 25 per eent 
of eases. 


supply eoming in from the liver bed. Gangrene may occur in the unusual 
event of a gall-bladder on an abnormally long mesentery nndergoing 
torsion, which will destroy both its sonrees of blood supply. 

4 Stones in the eommon duct ean usually be removed endoseopieally 
using a Dormia basket introdneed after dividing the sphineter of Oddi. 
At other times, the eommon bile duct is explored via an ineision in its 
supraduodenal portion. Sometimes a stone impaeted at the ampnlla of 
Vater must be approaehed via an ineision in the seeond part of the duode- 
num. This last approaeh is also used when it is neeessary to divide the 
sphineter of Oddi or to remove a tumour arising at the termination of the 
eommon bile duct. 


The panereas (Fig. 57 ) 

The panereas lies retroperitoneally in ronghly the transpylorie plane. For 
deseriptive pnrposes it is divided into head, neek, body and tail. 

Relations 

The head lies in the C-curve of the duodenum and sends out the 
nneinate proeess which hooks posteriorly to the superior mesenterie vessels 
as these travel from behind the panereas into the root of the mesentery 
Posteriorly lie the inferior vena eava, the eommeneement of the 
portal vein, aorta, snperior mesenterie vessels, the crura of diaphragm, 
eoeliae plexus, the left kidney and snprarenal gland. The tortuous splenie 
artery runs along the upper border of the panereas. The splenie vein 
runs behind the gland, reeeives the inferior mesenterie vein and joins the 
snperior mesenterie to form the portal vein behind the panereatie neek 
(Fig. 67). 
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To eomplete this list of important posterior relationships, the eommon 
bile duct lies either in a groove in the right extremity of the gland or embedded 
in its snbstanee, as it passes to open into the seeond part of the duodenum. 

Anteriorly lies the stomaeh separated by the lesser sae. To the left, the 
panereatie tail lies against the hilum of the spleen. 

The blood supply 

Blood is supplied from the splenie and the panereatieodnodenal arteries; 
the eorresponding veins drain into the portal system. 


The lymphaties 


The lymphaties drain into nodes which lie along its upper border, in the 
groove between its head and the duodenum, and along the root of the 
snperior mesenterie vessels. 


Structure 

The panereas maeroseopieally is lobnlated and is eontained within a fine 
eapsnle; these lobules are made up of alveoli of serous seeretory eells drain- 
ing via their ductules into the prineipal ducts. Between these alveoli lie the 
insulin-secreting islets of Langerhans. 

The main duct of the panereas (Wirsung) (Fig. 58) nms the length of 
the gland and usually opens at the ampnlla of Vater in eommon with the 
eommon bile duct; oeeasionally it drains separately into the duodenum. 

The aeeessory diiet (of Santorini) passes from the lower part of the head in 
front of the main duct, communicates with it, and then opens into the duo- 
denum above it. Oeeasionally it is absent. 

Development (Fig. 78) 

The panereas develops from a larger dorsal diverticulum from the duode- 
num and a smaller ventral outpouching from the side of the eommon bile 
duct. The ventral pouch swings round posteriorly to fuse with the lower 
aspeet of the dorsal diverticulum, trapping the superior mesenterie vessels 
between the two parts. 

The ducts of the two formative segments of the panereas then commu- 
nieate; that of the smaller takes over the main panereatie flow to form the 
main duct, leaving the original duct of the larger portion of the gland as the 
aeeessory duct. 


eiinieal features 


1 Rarely the two developing segments of the panereas eompletely sur- 
round the seeond part of the duodenum ('annular panereas') and may 
prodnee dnodenal obstrnetion. 
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Fig. 78 Development of the intestinal adnexae. 


2 Note from the posterior relations of the panereas that a neoplasm of the 
head of the panereas will prodnee obstrnetive janndiee by eompressing the 
eommon bile duct. An extensive growth in the body of the gland may cause 
portal or inferior vena eaval obstrnetion. 

3 Anterior to the panereas lies the stomaeh, separated from it by the lesser 
sae. This sae may beeome elosed off and distended with £luid either from 
perforation of a posterior gastrie ulcer or from the outpouring of fluid in 
acute panereatitis, forming a pseudocyst of the panereas. Such a eolleetion 
may almost fill the abdominal eavity. 
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Fig. 79 The spleen and its immediate relations. 


The spleen 

The spleen is abont the size of the enpped hand. If forms the left lateral 
extremity of the lesser sae. Passing from it are the gastrosplenie ligament to 
the greater enrvahire of stomaeh (earrying the short gastrie and left gastro- 
epiploie vessels) and the lienorenal ligament to the posterior abdominal wall 
(earrying the splenie vessels and tail of the panereas). 

Relations (Fig. 79 ) 

• Posteriorly—the left diaphragm, separating it from the plenra^ left lung 
and the 9th, lOth and llth ribs. 

• Anteriorly—the stomaeh. 

• Inferiorly—the splenie flexure of the eolon. 

• Medially—the lef t kidney. 

The tail of the panereas abuts against the hilum of the spleen throngh 
which vessels and nerves enter and leave this organ. 

Blood supply 

The splenie artery is one of the three main branehes of the eoeliae axis. The 
splenie vein is joined by the snperior mesenterie to form the portal vein. 
(Note that the splenie vessels also provide the prineipal blood supply of the 
panereas.) 


Structure 

The spleen represents the largest retienlo-endothelial accumulation in the 
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body. It has a thin fibrons eapsnle, to which the peritonenm adheres inti- 
mately. The fibrons tissne of the eapsnle extends into the spleen to form a 
series of trabeenlae between which lies the splenie pulp. 


eiinieal features 


1 In performing a spleneetomy the elose relation of the panereatie 
tail to the hilum and splenie pediele must be remembered; it is easily 
wounded. 

2 Note the elose proximity of the lower ribs, lowest part of the left lung 
and plenral eavity left diaphragm, left kidney and the spleen; injnries to the 
left upper abdomen may damage any eombination of these structures. Sim- 
ilarly a stab wound of the posterior left ehest may penetrate the diaphragm 
and tear the spleen. The spleen, with its thin tense eapsnle, is the eommon- 
est intra-abdominal viscus to be ruptured by blunt trauma. 

3 Aeeessory spleens (one or more) may occur most eommonly near the 
hilum, but also in the tail of panereas, the mesentery of the spleen, the 
omenhim, small bowel mesentery ovary and even testis. They occur in 
about one in ten snbjeets and, if left behind, may result in persistenee of 
symptoms following spleneetomy for eongenital aeholnrie janndiee or 
thromboeytopenie purpura. 


The urínary traet 

The kidneys 

The kidneys lie retroperitoneally on the posterior abdominal wall; the right 
kidney is 0.5 in (12 mm) lower than the left, presumably because of its 
downward displaeement by the bulk of the liver. Eaeh measures approxi- 
mately 4.5 in (11 em) long, 2.5 in (6 em) wide and 1.5 in (4 em) thiek. 

Relations (Figs 80 , 8 i) 

• Posteriorly—the diaphragm (separating pleura), quadratus lumborum, 
psoas, transversus abdominis, the 12th rib and three nerves—the subcostal 
(T12), iliohypogastrie and ilio-inguinal (Ll). 

• Anteriorly—the right kidney is related to the liver, the 2nd part of 
the duodenum (which may be opened aeeidentally in performing a right 
nephreetomy), and the aseending eolon. In front of the left kidney lie the 
stomaeh, the panereas and its vessels, the spleen, and the deseending eolon. 
The snprarenals sit on eaeh side as a eap on the kidney's upper pole. 

The medial aspeet of the kidney presents a deep vertieal slit, the ìiilnm, 
which transmits, from before backwards, the renal vein, renal artery 
pelvis of the ureter and, usually a subsidiary braneh of the renal artery. 
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Fig. 80 The posterior 
relations of the kidney. 
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Fig. 81 The anterior relations of the kidneys. 


Lymphaties and nerves also enter the hilum, the latter being sympathetie, 
mainly vasomotor, fibres. 

The pelvis of the nreter is snbjeet to eonsiderable anatomieal variations 
(Fig. 82); it may lie eompletely ontside the snbstanee of the kidney (even to 
the extent of having part of the major ealyees extrarenal) or may be almost 
buried in the renal hilum. All gradations exist between these extremes. If a 
calculus is lodged in the pelvis of the ureter, its removal is eomparatively 
simple when this is extrarenal, and it is eorrespondingly diffienlt when the 
pelvis is hidden within the snbstanee of the kidney. 

Within the kidney the pelvis of the ureter divides into two or three 
major ealyees, eaeh of which divides into a number of minor ealyees. Eaeh of 
these, in turn, is indented by a papilla of renal tissue and it is here that the 
eolleeting tubules of the kidney diseharge urine into the ureter. 

The kidneys lie in an abnndant fatty enshion (perinephrie fat) eontained 
in the renal faseia (Fig. 83). Above, the renal faseia blends with the faseia 
over the diaphragm, leaving a separate eompartment for the snprarenal 
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renal pelvis. (a) The 
pelvis is bnried within 
the renal parenehyma— 
pyelolithotomy diffienlt. 
(b) The pelvis protrndes 
generonsly— 
pyelolithotomy easy 
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(which is thus easily separated and left behind in performing a nephree- 
tomy). Medially, the faseia blends with the sheaths of the aorta and inferior 
vena eava. Laterally it is continuous with the transversalis faseia. Only infe- 
riorly does it remain relatively open—traeking around the ureter into the 
pelvis. 

The kidney has, in faet, three eapsnles: 

1 f aseial (renal f aseia); 

2 fatty (perinephrie fat); 

3 true—the fibrous capsule which strips readily from the normal kidney 
surface but adheres firmly to an organ that has been inflamed. 

Blood supply 

The renal artery derives direetly from the aorta. The renal vein drains direetly 
into the inferior vena eava. The left renal vein passes in front of the aorta 
immediately below the origin of the superior mesenterie artery. The right 
renal artery passes behind the inferior vena eava. 

Lymph drainage 

Lymphaties drain direetly to the para-aortie lymph nodes. 


eiinieal features 


1 Blood from a ruptured kidney or pus in a perinephrie abseess first 
distend the renal faseia, then foree their way within the faseial eompart- 
ment downwards into the pelvis. The midline attaehment of the renal faseia 
prevents extravasation to the opposite side. 

2 In hypermobility of the kidney ('floating kidney'), this organ ean be 
moved up and down in its faseial eompartment but not from side to side. To 
a lesser degree, it is in this plane that the normal kidney moves during 
respiration. 
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Fig. 83 (a) Transverse seetion demonstrating the faseial eompartments of the kidney. 
(b) CT sean of the same region. Note that CT seans, by eonvention, are viewed from 
below, so that the aorta, for example, is seen on the right side. The blood vessels 
have been enhaneed by an intravenons injeetion of eontrast. 


3 Exposure ofthe kidney via the loin. An oblique ineision is usually favoured 
midway between the 12th rib and the iliae erest, extending laterally from 
the lateral border of ereetor spinae. Latissimns dorsi and serratus posterior 
inferior are divided and the free posterior border of external oblique is 
identified, enabling this muscle to be split along its fibres. Internal oblique 
and transversns abdominis are then divided, revealing peritoneum 
anteriorly, which is pushed forward. The renal faseial capsule is then 
bronght elearly into view and is opened. The subcostal nerve and vessels 
are usually encountered in the upper part of the ineision and are preserved. 
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If more room is required, the lateral edge of quadratus lumborum may be 
divided and also the 12th rib excised, eare being taken to push up, but not to 
open, the pleura, which erosses the medial half of the rib. 

The ureter 

The ureter is 10 in (25 em) long and eomprises the pelvis of the ureter (see 
above) and its abdominal, pelvie and intravesieal portions. 

The ahdominal iireter lies on the medial edge of psoas major (which sepa- 
rates it from the tips of the transverse proeesses of L2-L5) and then erosses 
into the pelvis at the bifnreation of the eommon iliae artery in front of the 
saeroiliae joint. Anteriorly the right ureter is eovered at its origin by the 
seeond part of the duodenum and then lies lateral to the inferior vena eava 
and behind the posterior peritonenm. It is erossed by the testienlar (or 
ovarian), right eolie, and ileoeolie vessels. The left ureter is erossed by the 
testicular (or ovarian) and left eolie vessels and then passes above the pelvie 
brim, behind the mesosigmoid and sigmoid eolon to eross the eommon iliae 
artery immediately above its bifnreation. 

The felvie nreter runs on the lateral wall of the pelvis in front of the 
internal iliae artery to just in front of the isehial spine; it then turns for- 
wards and medially to enter the bladder. In the male it lies above the 
seminal vesiele near its termination and is erossed snperfieially by the vas 
deferens (see Fig. 87). In the female, the ureter passes above the lateral 
fornix of the vagina 0.5 in (12 mm) lateral to the snpravaginal portion of 
the cervix and lies below the broad ligament and nterine vessels (see 
Fig. 104). 

The intravesieal nreter passes obliquely through the wall of the bladder 
for 0.75 in (2cm); the vesieal muscle and obliquity of this course produce 
respeetively a sphineterie and valve-like arrangement at the termination of 
this duct. 

Blood supply 

The ureter reeeives a rieh segmental blood supply from all available arteries 
along its course: the aorta, and the renal, testienlar (or ovarian), internal 
iliae and inferior vesieal arteries. 


eiinieal features 


1 The ureter is readily identified in life by its thiek muscular wall which is 
seen to undergo worm-like (vermienlar) writhing movements, partienlarly 
if gently stroked or squeezed. 

2 Throughout its abdominal and the upper part of its pelvie course, it 
adheres to the overlying peritonenm (throngh which it ean be seen in the 
thin snbjeet), and this faet is used in exposing the ureter —as the parietal 
peritoneum is disseeted upwards, the ureter eomes into view stieking to its 
posterior aspeet. 
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Fig. 84 Drawmg from an 
intravenons pyelogram 
to show the relationship 
of the nreters to the bony 
landmarks. 


3 The ureter is relatively narrowed at three sites: 

• at the jnnetion of the pelvis of nreter with its abdominal part, 

• at the pelvie brim, and 

• at the nreterie orifiee (narrowest of all). 

Aureteric calculus is likely to lodge at one of these three levels. 

4 In searehing for a nreterie stone on a plain radiograph of the abdomen, 
one must imagine the course of the ureter in relation to the bony skeleton 
(Fig. 84). It lies along the tips of the transverse proeesses, erosses in front of 
the saeroiliae joint, swings out to the isehial spine and then passes medially 
to the bladder. An opaque shadow along this line is suspicious of calculus. 
This course of the ureter is readily studied by examining a radiograph 
showing a radio-opaque ureteric eatheter in situ. 

The embryology and eongenìtal abnormalìtìes 
of the kidney and ureter (Fig. 85) 

The kidney and ureter are mesodermal in origin and develop in an unusual 
manner of eonsiderable interest to the eomparative anatomist. 

The pronephros, of importanee in the lower vertebrates, is transient in 
humans, but the distal part of its duct reeeives the tubules of the next renal 
organ to develop, the mesonephros, and now beeomes the mesonephrie or 
Wolffian duct. The mesonephros itself then disappears except for some of its 
ducts which form the efferent tubules of the testis. For further details of the 
fates of the mesonephros and mesonephrie dnet, see page 148. 

A diverticulum then appears at the lower end of the mesonephrie duct 
which develops into the metanephrie dnet; on top of the latter a eap of tissue 
differentiates to form the definitive kidney or metanephros. The metanephrie 
duct develops into the ureter, pelvis, ealyees and eolleeting tubules, the 
metanephros into the glomernli and the proximal part of the renal duct 
system. 
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Fig. 85 Development of 
the pro-, meso-, and 
metanephrie systems 
(after Langman). 
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The mesonephrie duct now loses its renal eonneetion, atrophies in the 
female (remaining only as the epoòphoron) but persists in the male, to 
beeome the epididymis and vas deferens. 

The kidney first develops in the pelvis and then migrates upwards. Its 
blood supply is first obtained from the eommon iliae artery but, during 
migration, a series of vessels form to supply it, only to involnte again when 
the renal artery takes over this duty. 

Developmental abnormalities (Fig.86) 

1 It is eommon for one or more distally plaeed arteries to persist (aherrant 
renal arteries) and one may even run to the kidney from the eommon iliae 
artery. 

2 Oeeasionally the kidney will fail to migrate eranially resnlting in a per- 
sistent pelvie kidney. 

3 The two metanephrie masses may fuse in development, forming a horse- 
shoe kidney linked aeross the midline. 

4 In 1 in 2400 births there is eomplete failnre of development of one 
kidney (eongenital absenee ofthe kidney). 

5 Congenital polyeystie kidneys (which are nearly always bilateral) are 
believed to result from failure of metanephrie tissue to link up with some of 
the metanephrie duct eolleeting tubules; blind ducts therefore form which 
subsequently beeome distended with fluid. This theory of origin does not 
explain their oeeasional assoeiation with mnltiple eysts of the liver, pan- 
ereas, lung and ovary. 

6 The mesonephrie duct may give off a double metanephrie bud so that 
two ureters may develop on one or both sides. These ureters may fuse into a 
single duct anywhere along their course or open separately into the bladder 
(where the npper ureter enters helozv the lozver ureter). 
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Fig. 86 Renal 
abnormalities. 

(a) Polyeystie kidney 

(b) Horseshoe kidney. 

(e) Pelvie kidney and 
donble nreter. 

(d) Aberrant renal artery 
and assoeiated 
hydronephrosis. 


Rarely, the extra ureter may open eetopieally into the vagina or urethra 
resulting in nrinary ineontinenee. 


The bladder (Figs 62 ,63,87) 

The nrinary bladder of a normal snbjeet is nneomfortably distended by half 
a pint of fluid. When fully distended, the adult bladder projeets from the 
pelvie eavity into the abdomen, stripping the peritonenm upwards from 
the anterior abdominal wall. The snrgeon ntilizes this faet in earrying out 
an extraperitoneal ineision or suprapubic puncture into the bladder. In ehil- 
dren up to the age of about 3 years, the pelvis is relatively small and the 
bladder is, in faet, intra-abdominal althongh still extraperitoneal. 


Relations 

• Anteriorly—the pubic symphysis. 

• Superiorly—the bladder is eovered by peritoneum with eoils of small 
intestine and sigmoid eolon lying against it. In the female, the body of the 
uterus flops against its posterosnperior aspeet. 

• Posteriorly—in the male the rectum, the termination of the vasa defer- 
entia and the seminal vesieles; in the female, the vagina and the snpravagi- 
nal part of the cervix. 

• Laterally—the levator ani and obtnrator internns. 


















Fig. 87 (a) The prostate, 
seminal vesieles and vasa 
shown in a posterior 
view of the bladder. (b) 
The prostate and nrethra 
in seetion. 
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The neek of the bladder fuses with the prostate in the male; in the female 
it lies direetly on the pelvie faseia surrounding the short urethra. 

The muscle eoat of bladder is formed by a eriss-eross arrangement of 
bnndles; when these nndergo hypertrophy in ehronie obstrnetion (due to 
an enlarged prostate, for example) they aeeonnt for the typieal trabeenlated 
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'open weave' appearanee of the bladder wall, readily seen throngh a 
eystoseope. 

The eirenlar eomponent of the mnsele eoat eondenses as an (involnn- 
tary) internal methral sphineter aronnd the intemal orifiee. This ean be 
destroyed without ineontinenee providing the external sphineter remains 
intaet (as occurs in prostateetomy). 

Cystoscopy 

The interior of the bladder and its three orifiees (the internal meatus and 
the two nreters) are easily inspeeted by means of a eystoseope. The nreterie 
orifiees lie lin (2.5 em) apart in the empty bladder, but when this is dis- 
tended for eystoseopie examination, the distanee inereases to 2in (5cm). 
The submucosa and mucosa of most of the bladder are only loosely 
adherent to the nnderlying muscle and are thrown into folds when the 
bladder is empty, smoothing out during distension of the organ. Over the 
trigone, the triangular area bounded by the nreterie orifiees and the internal 
meatus, the mucosa is adherent and remains smooth even in the empty 
bladder. 

Between the nreters, a raised fold of mucosa ean be seen ealled the 
interiireterie ridge which is prodneed by an nnderlying bar of muscle. 

Blood supply 

Blood is supplied from the superior and inferior vesieal branehes of the 
internal iliae artery. The vesieal veins form a plexus which drains into the 
internal iliae vein. 


Lymph drainage 

Lymphaties drain alongside the vesieal blood vessels to the iliae and then 
para-aortie nodes. 

Nerve supply 

Efferent parasympathetie fibres from S2 to S4 aeeompany the vesieal 
arteries to the bladder. They eonvey motor fibres to the mnseles of the 
bladder wall and inhibitory fibres to its internal sphineter. Sympathetie 
efferent fibres are said to be inhibitory to the bladder mnseles and motor to 
its sphineter, althongh they may be mainly vasomotor in fnnetion, so that 
normal filling and emptying of the bladder are probably eontrolled 
exclusively by its parasympathetie innervation. The external sphineter is 
made up of striated muscle. It is also eoneerned in the eontrol of mietnrition 
and is snpplied by the pndendal nerve (S2, 3, 4). Sensory fibres from the 
bladder, which are stimnlated by distension, are eonveyed in both the sym- 
pathetie and parasympathetie nerves, the latter pathway being the more 
important. 
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The urethra 

The male urethra (Fig.sTb) 

The male urethra is 8 in (20 em) long and is divided into the prostatie, mem- 
branous and spongy parts. 

The prostatie iirethra (1.25 in (3cm)), as its name implies, traverses the 
prostate. Its posterior wall bears a longitndinal elevation termed the ure- 
thral erest, on eaeh side of which is a shallow depression, the prostatie sinus, 
into which the 15-20 prostatie ducts empty. At about the middle of the erest 
is a prominenee termed the eollienliis seminalis {vernmontamim) into which 
opens the prostatie ntriele. This is a blind traet, about 5mm long, rnnning 
downwards from the snbstanee of the median lobe of the prostate. It is 
believed to represent the male equivalent of the vagina, a remnant of the 
paramesonephrie duct (see page 148). On either side of the orifiee of the 
prostatie ntriele open the ejaenlatory ducts, formed by the union of the duct 
of the seminal vesiele and the terminal part of the vas deferens. 

The membranoiis iirethra (0.75 in (2cm)) pierees the external sphineter 
nrethrae (the volimtary sphineter of the bladder) and the faseial perineal 
membrane which eovers the snperfieial aspeet of the sphineter. 

The spongy iirethra (6 in (15 em)) traverses the corpus spongiosum of the 
penis. It first passes upwards and forwards to lie below the pubic symph- 
ysis and then in its flaeeid state bends downwards and forwards. 


eiinieal features 


1 Where the nrethra passes beneath the pubis is a eommon site for it to be 
ruptured by a fall astride a sharp objeet, which crushes it against the edge of 
the symphysis. 

2 The external orifiee is the narrowest part of the nrethra and a calculus 
may lodge there. Immediately within the meatns, the nrethra dilates into a 
terminal fossa whose roof bears a mneosal fold (the laeiina magna) which 
may eateh the tip of a eatheter. Instrnments should always be introduced 
into the urethra beak downwards for this reason. 


The female urethra 

The female nrethra is 1.5 in (4cm) long; it traverses the sphineter nrethrae 
and lies immediately in front of, indeed embedded in the wall of, the 
vagina. Its external meatns opens lin (2.5 em) behind the elitoris. The 
sphineter nrethrae in the female is a tenuous structure and vesieal eontrol 
appears to depend mainly on the intrinsie sphineter of eondensed eirenlar 
muscle fibres of the bladder. 


The mucosa ofthe urinary traet 

The pelvis, ureter, bladder and nrethra are lined by a transitional 
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epithelium as far as the entry of the ejaculatory ducts in the prostatie urethra. 
This is eonveniently termed the nroepitheliiim sinee it has a imiform appear- 
anee and is snbjeet to the same pathologieal proeesses — for example, the 
development of papillomata. The remainder of the nrethra has a eolnmnar 
lining except at its termination, where the epithelinmbeeomes squamous. 

Radiology of the orinary traet 

The renal eontonrs ean often be identified on a soft tissue radiograph of the 
abdomen. Intravenons injeetion of iodine-eontaining eompoimds excreted 
by the kidney will prodnee an ontline of the ealyees and the ureter (intra- 
venous urogram). When the injeetion medium enters the bladder, a eys- 
togram is obtained (Fig. 84). 

Further information ean be obtained by passing a eatheter up the ureter 
through a eystoseope and injeeting radio-opaque fluid to fill the pelvis and 
calyx system (retrograde pyelogram). Similarly injeetion of such fluid into 
the nrethra or bladder may be used for the radiographie study of these 
viseera. 

The kidneys are beautifully delineated in transverse seetion on CT 
seans (Figs. 83b, 111 and 112). 


The male genital organs 


The prostate (Fig.s/) 

This is a pyramidal-shaped, fibromuscular and glandular organ, 1.25 in 
(3 em) long, which surrounds the prostatie urethra. It resembles the size and 
shape of a chestnut. 

Relations (Fig. 62 ) 

• Superiorly—the prostate is continuous with the neek of the bladder. The 
nrethra enters the upper aspeet of the prostate near it anterior border. 

• Inferiorly—the apex of the prostate rests on the external sphineter of the 
bladder which lies within the deep perineal pouch. 

• Anteriorly—lies the pubic symphysis separated by the extraperitoneaI 
fat of the eave ofRetziiis or retropnbie spaee. Close against the prostate in this 
spaee lies the prostatie plexus of veins. Near the apex of the prostate, the 
piiboprostatie ligament (a eondensation of fibrons tissue) passes forward to 
the pubis. 

• Posteriorly—lies the rectum separated by thefaseia ofDenonvilliers. 

• Laterally—lies levator ani. 

The ejaenlatory ducts enter the upper posterior part of the gland to 
open into the urethra at the coUiculus seminalis or verumontanum, one on 
either side of the prostatie utricle, dividing off a median prostatie lobe lying 
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between these three ducts. In benign prostatie hypertrophy, (but not in the 
normal prostate), a shallow posterior median groove (which ean be felt on 
reetal examination) further divides the prostate into left and right lohes. 
Anterior to the urethra, the prostate eonsists of a narrow isthmus only. 

The prostatie capsules(Fig.88) 

These are normally two, pathologieally three, in number. 

1 The true capsule—a thin fibrons sheath which surrounds the gland. 

2 The false capsule — eondensed extraperitoneal faseia which continues 
into the faseia surrounding the bladder and with the faseia of Denonvilliers 
posteriorly. Between layers 1 and 2 lies the prostatie venous plexus. 

3 The pathologieal capsule — when benign 'adenomatons' hypertrophy 
of the prostate takes plaee, the normal peripheral part of the gland 
beeomes eompressed into a eapsnle aroimd this enlarging mass (Fig. 88). In 

Dreterie oriflee 
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True capsule 
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Sphineter urethrae 
Cowper's gland 





Drethral erest 

Verumontanum 
(colliculus seminalis) 

Opening of prostatie 
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Opening of ejaculatory 
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Fig. 88 The surgical 
anatomy of 
prostateetomy. (a) The 
normal prostate in 
vertieal seetion. (b) Detail 
of prostatie urethra. (e) A 
prostatie adenoma 
(benign hypertrophy) 
eompresses the normal 
prostatie tissue into a 
false capsule. 
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performing an enneleation of the prostate, the plane between the adenoma- 
tous mass and this eompressed peripheral tissne is entered, the 'tumour' 
enucleated and a eondensed rim of prostate tissue, lying deep to the true 
capsule, left behind. The prostatie venous plexus, lying extemal to this, is 
thus undisturbed. 

Blood supply 

The arterial supply is derived from the inferior vesieal artery (a braneh of 
the internal iliae artery), a braneh entering the prostate on eaeh side at its 
lateral extremity. 

The veins form a prostatie plexus which reeeives the dorsal vein of the 
penis and drains into the internal iliae vein on eaeh side. Some of the 
venous drainage passes to the plexus of veins lying in front of the vertebral 
bodies and within the neural eanal. These veins are valveless and constitute 
the valveless vertehral veins ofBatson. This communication may explain the 
readiness with which eareinoma of the prostate spreads to the pelvie bones 
and vertebrae. 


eiinieal features 


1 Prostateetomy for benign prostatie hypertrophy involves removal of 
the hypertrophie mass of glandular tissue from the surrounding normal 
prostate, which is eompressed as a thin rim aronnd it—a false eapsnle (Fig. 
88 ). This is usually performed transurethrally by means of an operating 
eystoseope armed with a entting diathermy loop. During this proeednre, 
the verumontanum, (colliculus seminalis), is an important landmark. The 
snrgeon keeps his reseetion above this structure in order not to damage the 
urethral sphineter. If the prostate is very enlarged, open prostateetomy is 
indieated. The gland is approaehed retropnbieally, the eapsnle ineised 
transversely and the hypertophied mass of gland enucleated. 

2 After the age of 45 years some degree of prostatie hypertrophy is all 
but invariable; it is as much a sign of ageing as greying of the hair. Usually the 
lateral lobes are affeeted and such enlargement is readily deteeted on reetal 
examination. The median lobe may also be involved in this proeess or may be 
enlarged without the lateral lobes being affeeted. In such an instanee, symp- 
toms of prostatie obstruction may occur (because of the valve-like effeet of 
this hypertrophied lobe lying over the internal urethral orifiee) without pro- 
statie enlargement being deteetable on reetal examination. 

Anterior to the nrethra the prostate eonsists of a narrow fibromuscular 
isthmus eontaining little, if any glandular tissue. Benign glandular hyper- 
trophy of the prostate, therefore, never affeets this part of the organ. 

3 The faseia of Denonvilliers is important snrgieally; in excising the 
rectum it is the plane to be sought after in order to separate off the prostate 
and urethra without damaging these structures. A eareinoma of the 
prostate only rarely penetrates this faseial barrier so that nleeration into the 
rectum is very unusual. 
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The scrotum 

The scrotum is the pouch in which lie the testes and their eoverings. In eryp- 
torehidism, not unnaturally this pouch is not well developed. 

The skin of the serotnm is thin, pigmented, rugose and marked by a lon- 
gitndinal median raphe. It is riehly endowed with sebaceous glands, and 
consequently a eommon site for sebaeeons eysts, which are often mnltiple. 
The subcutaneous tissue eontains no fat but does eontain the involnntary 
dartos miisele. 


eiinieal features 


The serotal subcutaneous tissue is continuous with the faseiae of the abdom- 
inal wall and perinenm and therefore extravasations of urine or blood deep 
to this plane will gravitate into the serotnm. The serotnm is divided by a 
septum into right and lef t eompartments but this septum is ineomplete supe- 
riorly so extravasations of fluid into this sae are always bilateral. 

The lax tissnes of the serotnm and its dependent position cause it to fill 
readily with oedema fluid in eardiae or renal failnre. Such a eondition must 
be carefully differentiated from extravasation or from a serotal swelling due 
to a hernia or hydroeele. 

Testìs and epidìdymìs (Figs89,90) 

The left testis lies at a lower level than the right within the scrotum; rarely 
this arrangement is reversed. Eaeh testis is eontained by a white fibrons 
eapsnle, the tunica albnginea, and eaeh is invaginated anteriorly into a 
double serous eovering, the tnniea vaginalis, just as the intestine is invagi- 
nated anteriorly into the peritonenm. 

Along the posterior border of the testis, rather to its lateral side, lies 
the epididymis, which is divided into an expanded head, a body and a 
pointed tail inferiorly. Medially there is a distinet groove, the sinus 
epididymis, between it and the testis. The epididymis is eovered by the 
tnniea vaginalis except at its posterior margin which is free or, so to say 
'extraperitoneaT. 

The testis and epididymis eaeh bear at their upper extremities a small 
stalked body termed respeetively the appendix testis and appendix epididymis 
{hydatid ofMorgagni). The appendix testis is a remnant of the upper end of 
the paramesonephrie (Míillerian) duct; the appendix epididymis is a 
remnant of the mesonephros. 

These structures, being stalked, are liable to nndergo torsion. 

Blood supply 

The testienlar artery arises from the aorta at the level of the renal vessels. It 
anastomoses with the artery to the vas, snpplying the vas deferens and epi- 
didymis, which arises from the inferior vesieal braneh of the internal iliae 
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Fig. 89 Testis and 
epididymis. 
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Fig. 90 Transverse seetion of the testis. 


artery. This eross-eonneetion means that ligation of the testienlar artery is 
not neeessarily followed by testienlar atrophy 

The pampiniform plexus of veins beeomes a single vessel, the testienlar 
vein, in the region of the internal ring. On the right this drains into the 
inferior vena eava, on the left into the renal vein. 
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Lymph drainage 

The lymphatie drainage of the testis obeys the usual rule; it aeeompanies 
the venous drainage and thus passes to the para-aortie lymph nodes at 
the level of the renal vessels. Free communication occurs between the lym- 
phaties on either side; there is also a plentiful anastomosis with the para- 
aortie intrathoraeie nodes and, in turn, with the eervieal nodes, so that 
spread of malignant disease from the testis to the nodes at the root of the 
neek is not rare. 


Nerve supply 

TIO sympathetie fibres via the renal and aortie plexus. These eonvey affer- 
ent (pain) fibres—henee referred pain from the testis to the loin. 


Structure 

The testis is divided into 200-300 lobnles eaeh eontaining one to three semi- 
niferons tuhules. Eaeh tubule is some 2 feet (62em) in length when teased 
out, and is thus obviously eoiled and eonvolnted to paek away within the 
testis. The tubules anastomose posteriorly into a plexus termed the rete 
testis from which about a dozen fine efferent ducts arise, pieree the tunica 
albuginea at the upper part of the testis and pass into the head of the epi- 
didymis, which is aetnally formed by these efferent ducts eoiled within it. 
The efferent ducts fuse to form a eonsiderably eonvolnted single tube 
which constitutes the body and tail of the epididymis; nnravelled, it is the 
length of a erieket piteh. 

Development of the testis 

This is important and is the key to several featnres which are of elinieal 
interest. 

The testis arises from a germinal ridge of mesoderm in the posterior 
wall of the abdomen just medial to the mesonephros (Fig. 85), and links up 
with the epididymis and vas, which differentiate from the mesonephrie 
duct. As the testis enlarges, it also undergoes a caudal migration aeeording 
to the following timetable: 

3rd month (of fetal life) reaehes the iliae fossa; 

7th month traverses the ingninal eanal; 

8 th month reaehes the external ring; 

9th month deseends into the serotnm. 

Amesenehymal strand, the gubernaculum testis, extends from the caudal 
end of the developing testis along the course of its deseent to blend into the 
serotal faseia. The exact role of this structure in the deseent of the testis is 
not known; theories are that it aets as a guide (gubernaculum = rudder) or 
that its swelling dilates the ingninal eanal and scrotum. 

In the third fetal month, a prolongation of the peritoneal eavity invades 
the gubernacular mesenehyme and projeets into the serotnm as the 
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proeessiis vaginalis. The testis slides into the serotnm posterior to this, pro- 
jeets into it and is therefore elothed front and sides with peritonenm. About 
the time of birth this proeessns obliterates, leaving the testis eovered by the 
tunica vaginalis. Very rarely fragments of adjaeent developing organs — 
spleen or snprarenal — are caught up and earried into the serotnm along 
with the testis. 


eiinieal features 


1 The testis arises at the level of the mesonephros at the level of L2/3 
vertebrae and drags its vasenlar, lymphatie and nerve supply from this 
region. Pain from the kidney is often referred to the serotnm and, eon- 
versely, testienlar pain may radiate to the loin. 

2 When searehing for seeondary lymphatie spread from a neoplasm of the 
testis, the upper abdomen must be palpated carefully for enlarged para- 
aortie nodes; beeanse of cross-communications, these may be present on 
either side. Mediastinal and eervieal nodes may also beeome involved. It is 
the beginner 's mistake to feel for nodes in the groin; these are only involved 
if the tumour has ulcerated the serotal skin and henee invaded serotal 
lymphaties which drain to the ingninal nodes. 

3 Rarely, a rapidly developing varieoeele (dilatation of the pampiniform 
plexus of veins) is said to be a presenting sign of a tumour of the left kidney 
which, by invading the renal vein, bloeks the drainage of the left testienlar 
vein. Most examples of varieoeele are idiopathie; why the vast majority are 
on the left side is unknown, but theories are that the left testicular vein is 
eompressed by a loaded sigmoid eolon, obstrneted by angnlation at its 
entry into the renal vein or even that it is put into spasm by adrenalin-rieh 
blood entering the renal vein from the snprarenal vein! 

4 The testis may fail to deseend and may rest anywhere along its course— 
intra-abdominally within the ingninal eanal, at the external ring or high 
in the serotnm. Failnre to deseend must be carefully distinguished from 
retraetion of the testis; it is eommon in ehildren for eontraetion of the ere- 
master muscle to draw the testis up into the snperfieial ingninal pouch—a 
potential spaee deep to the snperfieial faseia over the external ring. Gentle 
pressnre from above, or the relaxing effeet of a hot bath, coaxes the testis 
baek into the serotnm in such eases. 

Oeeasionally the testis deseends, but into an unusual {eetopie) position; 
most eommonly the testis pass laterally after leaving the external ring to lie 
snperfieial to the ingninal ligament, but it may be found in front of the 
pubis, in the perinenm or in the upper thigh. In these eases (unlike the 
nndeseended testis), the eord is long and replaeement into the serotnm 
without tension presents no snrgieal diffienlty 

5 Abnormalities of the obliteration of the processus vaginalis lead to a 
number of extremely eommon snrgieal eonditions of which the indireet 
ingninal hernia is the most important. 

This variety of hernia may be present at birth or develop in later life; in 
the latter eirenmstanees it is probable that the proeessns vaginalis has per- 
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Fig. 91 Types of hydroeele. (a) Vaginal hydroeele, (b) eongenital hydroeele, (e) 
infantile hydroeele, (d) hydroeele of the eord. (The tube at the upper end of eaeh 
diagram represents the internal inguinal ring. Yellow = hydroeele, Brown = vas and 
epididymis) 


sisted as a narrow empty sae and that development of the hernia resnlts 
from some sndden strain due to a cough, straining at mietnrition or at stool, 
which forees abdominal eontents into this peritoneal reeess. 

In infants, the sae frequently has the testis lying in its wall (eongenital 
ingninal hernia) but this is unusual in older patients. 

The elosed-off tunica vaginalis may beeome distended with £luid to 
form a hydroeele which may be idiopathie (primary) or seeondary to disease 
in the nnderlying testis. The anatomieal elassifieation of hydroeeles is into 
the following groups (Fig. 91): 

• Víig'm^/—eonfined to the serotnm and so ealled beeanse it distends the 
tnniea vaginalis. 

• Con^cn/ía/—eommnnieating with the peritoneal eavity. 

• lnfantile—extenáìng upwards to the internal ring. 

• Hydroeele of the eord—eoníìneá to the eord. 

Notiee that, from the anatomieal point of view, a hydroeele (apart from 
one of the eord) must surround the front and sides of the testis sinee the 
hiniea vaginalis bears this relationship to it. A eyst of the epididymis, in 
eontrast, arises from the efferent ducts of the epididymis and must there- 
fore lie above and behind the testis. This point enables the differential diag- 
nosis between these two eommon serotal eysts to be made eonfidently 


Vas deferens (ductus deferens) (Fig. 87) 

This tube is 18 in (45 em) long (a distanee which one may remember is also 
the length of the thoraeie duct, the spinal eord and the femur, and the dis- 
tanee from the ineisor teeth to the eardiae end of the stomaeh). 

The vas passes from the tail of the epididymis to traverse the serotnm, 
ingninal eanal and so eomes to lie upon the side wall of the pelvis. Here, it 
lies immediately below the peritonenm of the lateral wall, extends almost 
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to the isehial hiberosity then turns medially to the base of the bladder. Here 
it joins the more laterally plaeed seminal vesiele to form the ejaeiilatory duct 
which traverses the prostate to open into the prostatie nrethra at the veru- 
montanum on either side of the utricle. 


eiinieal features 


infeetion may traek from bladder and urethra along the vas to the epi- 
didymis (acute epididymitis). 

The operation of bilateral vaseetomy is a eommon procedure for male 
sterilization. The vas is identified by its very firm eonsisteney which, in 
eoaehing days, was likened to whipcord but which today mighh more 
aptly, be eompared with fine plastie tubing. 

The semìnal vesìeles 

These are eoiled saeenlated tubes 2 in (5 em) long which ean be unravelled 
to three times that length. They lie, one on eaeh side, extraperitoneally at 
the bladder base, lateral to the termination of the vasa. Eaeh has eommon 
drainage with its neighbouring vas via the ejaenlatory duct (Fig. 87). In 
spite of their name, they do not aet as reeeptaeles for semen, althongh their 
seeretion does eontribnte eonsiderably to the seminal fluid. 


eiinieal features 


The vesieles ean be felt on reetal examination if enlarged; this occurs typi- 
eally in tuberculous infeetion. 


The bony and ligamentons pelvis 


The pelvis is made up of the innominate bones, the sacrum and the coccyx, 
bound to eaeh other by dense ligaments. 

The os innomìnatom (Fig.92) 

Examine the bone and revise the following structures. 

The ilinm with its iliae erest running between the anterior and posterior 
snperior iliae spines; below eaeh of these are the eorresponding inferior spines. 
Well-defined ridges on its lateral snrfaee are the strong muscle markings of 
the glutei. Its inner aspeet bears the large auricular snrfaee which artienlates 
with the saernm. The iliopeetineal line runs forward from the apex of the 
auricular surface and demareates the true from ì]\efalse pelvis. 

The pubis eomprises the body and the superior and inferior pubic rami. 
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Fig. 92 Lateral view of 
the os innominatom. 


Anterior gluteal llne 

Posterior gluteal llne 
Posterior superíor splne 

Posterior Inferior splne 

Greater seiatie noteh 

isehial splne 
Lesser seiatie noteh 
Obturator foramen 
isehial tuberosity 



íliae erest 


Anterior superior spíne 


ínferior gluteal line 
Anterior Inferlor spine 

Acetabulum 
lliopeetlneal eminenee 

Superior ramus 
Pubic tubercle 
Body of pubis 

ínferior ramus 
Ramus of ischium 


The isehinm has a vertieally disposed hody, bearing the isehial spine on its 
posterior border which demareates an upper (greater) and lower (lesser), 
seiatie noteh. The inferior pole of the body bears the isehial tiiberosity then 
projeets forwards almost at right angles into the isehial ramus to meet the 
inferior pubic ramus. 

The obtnrator foramen lies bounded by the body and rami of the pubis 
and the body and ramus of the ischium. 

All three bones fuse at the acetabulum which forms the soeket for the 
femoral head, for which it bears a wide ereseentie artienlar surface. 

The pelvis is tilted in the ereet position so that the plane of its inlet is at 
an angle 60° to the horizontal. (To plaee a pelvis into this position, hold it 
against a wall so that the anterior snperior spine and the top of the pubic 
symphysis both touch it.) 

The sacrum (Fig. 93 ) 

The sacrum is made up of five fused vertebrae and is roughly triangular. 
The anterior border of its upper part is termed the saeral promontory and is 
readily felt at laparotomy. 

Its anterior aspeet presents a eentral mass, a row of four anterior saeral 
foramina on eaeh side (transmitting the upper four saeral anterior primary 
rami), and, lateral to these, the lateral masses of the sacrum. The superior 
aspeet of the lateral mass on eaeh side forms a fan-shaped surface termed 
the ala. 

Note that the eentral mass is ronghly reetangnlar—the triangular shape 
of the sacrum is due to the rapid shrinkage in size of the lateral masses of 
the saernm from above down. 

Posteriorly lies the saeral eanal, eontinning the vertebral eanab bonnded 
by short pedieles, strong laminae and diminutive spinous proeesses. Perfo- 
rating through from the saeral eanal is a row of four posterior saeral foramina 
on eaeh side. Inferiorly the eanal terminates in the saeral hiatus, which trans- 
mits the 5th saeral nerve. Qn either side of the lower extremity of the hiatus 
lie the saeral cornua. These ean easily be palpated by the finger immediately 
above the natal eleft. 
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Fig. 93 The saemm in: (a) posterior and (b) anterior views. 


On its lateral aspeet, the sacrum presents an anrieiilar faeet for articula- 
tion with the eorresponding snrfaee of the ilium. 

The 5th lumbar vertebra may oeeasionally fuse with the sacrum in 
whole or in part; alternatively the Ist saeral segment may be partially or 
eompletely separated from the rest of the sacrum. The posterior areh of the 
sacrum is oeeasionally bifid. 

Note that the dural sheath terminates distally at the seeond pieee of the 
saernm. Beyond this the saeral eanal is filled with the fatty tissue of the 
extradural spaee, the cauda equina and the filum terminale. (For saeral 
bloek, see page 132.) 

The coccyx 

This is made up of three to five fused vertebrae articulating with the 
saernm; oeeasionally the first segment remains separate. It represents, of 
course, the tail of more primitive animals. 

The fonetions of the pelvis 

1 It proteets the pelvie viseera. 

2 It snpports the weight of the body which is transmitted throngh the ver- 
tebrae, thenee throngh the saernm, aeross the saeroiliae joints to the innom- 
inate bones and then to the femora in the standing position or to the isehial 
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tuberosities when sitting. (The saeroiliae joint is reinforeed for this task as 
will be deseribed below.) 

3 Dnring walking the pelvis swings from side to side by a rotatory move- 
ment at the inmbosaeral artienlation which oeenrs together with similar 
movements of the Inmbar intervertebral joints. Even if the hip joints are 
fixed, this swing of the pelvis enables the patient to walk reasonably well. 

4 As with all but a few small bones in the hand and foot, the pelvis pro- 
vides attaehments for mnseles. 

5 In the female it provides bony snpport for the birth eanal. 

Joìnts and ligamentons eonneetìons of 
the pelvìs 

The symphysis piihis is the name given to the eartilaginons joint between the 
pubic bones. Eaeh pubic bone is eovered by a layer of hyaline eartilage and 
is eonneeted aeross the midline by a dense layer of fibroeartilage. The eentre 
of the latter may break down to form a eleft-like joint spaee which, however, 
is not seen before the first deeade and which is not lined by a synovial 
membrane. 

The joint is surrounded and strengthened by fibrons ligaments, espe- 
eially above and below. 

The saeroiliae joints are the artienlations between the auricular surfaces 
of the sacrum and ilium on eaeh side and are true synovium-lined and 
eartilage-eovered joints. 

The saernm 'hangs' from these joints snpported by the extremely dense 
posterior saeroiliae ligaments lying posteriorly to the auricular joint snrfaees. 
These support the whole weight of the body, tending to drag the saernm 
forward into the pelvis and, not snrprisingly are the strongest ligaments in 
the body. 

Their aetion is assisted by an interloeking of the grooves between the 
auricular surfaces of the sacrum and ilium. 

The saerotiiberoiis ligament passes from the isehial tuberosity to the side 
of the sacrum and coccyx. 

The saerospinoiis ligament passes from the isehial spine to the side of the 
saernm and coccyx. 

These two ligaments help to define two important exits from the pelvis: 

1 the greater seiatieforamen—íormed by the sacrospinous ligament and the 
greater seiatie noteh; 

2 the lesser seiatieforamen—íormed by the sacrotuberous ligament and the 
lesser seiatie noteh. 

Note. There is a useful surface landmark in this region, the dimple eon- 
stantly seen on eaeh side immediately above the bnttoek, which defines: 

1 the posterior snperior iliae spine; 

2 the eentre of the saeroiliae joint; 

3 the level of the seeond saeral segment; 

4 the level of the end of the dural eanal of the spinal meninges. 
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(a) íb) 

Fig. 94 (a) Male and (b) female pelvis eompared. 


Differenees betvveen the male 
and female pelvìs (Fig.94) 

The pelvis demonstrates a large nnmber of sex differenees assoeiated prin- 
eipally with two featnres: first the heavier bnild and stronger mnseles in the 
male, aeeonnting for the stronger bone strnetnre and better defined mnsele 
markings in this sex; seeond, the eomparatively wider and shallower pelvie 
eavity in the female, eorrelated with its role as the bony part of the birth 
eanal. 

The sex differenees are snmmarized in Table 2. 

When looking at a radiograph of the pelvis, the sex is best determined 
by three featnres: 

1 the pelvie inleh heart-shaped in the male, oval in the female; 

2 the angle between the inferior pnbie ramk which is narrow in the male, 
wide in the female. In the former^ it eorresponds almost exactly to the angle 
between the index and middle fingers when these are held apart; in the 
latter the angle equals that between the fully extended thumb and the index 
finger. This is a partienlarly reliable featnre; 

3 the soft tissue shadow of the penis and serotnm ean usually be seen or, if 
not, the dense shadow of the lead sereen used to shield the testes from 
harmful radiation. 


Obstetrìeal pelvìe measurements (Fig. 95 ) 

The fignres for the measnrements of the inlet, mid-eavity and outlet of the 
true pelvis are readily eommitted to memory in the form shown in Table 3. 

The transverse diameter of the oiitlet is assessed elinieally by measnring 
the distanee between the isehial tnberosities along a plane passing aeross 
the anus; the anteroposterior ontlet àiameter is measured from the pubis to the 
saeroeoeeygeal joint. The most useful measurement elinieally is, however, 
the diagonal eonjtigate—ÍTom the lower border of the pubic symphysis to the 
promontory of the saernm. This normally measnres 5in (12.5 em); from the 





Table 2 Comparison of male and female pelvis. 



Male 

Female 

General structure 

Heavy and thiek 

Light and thin 

Joint snrfaees 

Large 

Small 

Muscle attaehments 

Well marked 

Rather indistinet 

False pelvis 

Deep 

Shallow 

Pelvie inlet 

Heart shaped 

Oval 

Pelvie eanal 

'Long segment of a short eone' i.e. long 
and tapered 

'Short segment of a long eone' i.e. short 
with almost parallel sides 

Pelvie outlet 

Gomparatively small 

Gomparatively large 

Ist pieee of sacrum 

The superior surface of the body 
occupies nearly half the width of 
sacrum 

Oval snperior surface of the body 
occupies about one-third the width 
of sacrum 

Sacrum 

Long, narrow, with smooth eoneavity 

Short, wide, flat, curving forward in 
lower part 

Saeroiliae articular faeet 

Extends well down the 3rd pieee of the 

Extends down only to upper border of 

(auricular surface) 

sacrum 

3rd pieee 

Subpubic angle (between 

'The angle between the middle and 

'The angle between the thumb and 

inferior pubic rami) 

index finger' 

index finger' 

Inferior pubic ramus 

Presents a strong everted surface for 
attaehment of the crus of the penis 

This marking is not present 

Acetabulum 

Large 

Small 

isehial tuberosities 

Inturned 

Everted 

Obturator foramen 

Round 

Oval 


Fig. 95 The 
measnrements of the 
female pelvis. (a) The 
inleh (b) the ontlet. (c) 
Lateral view to show the 
diagonal eonjngate. 
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Table 3 Obstetrieal pelvie measurements. 



Transverse 

Oblique 

Anteroposterior 

Inlet 

5 in (12.5 em) 

4.5in(11.5cm) 

4in (10 em) 

Mid-pelvis 

4.5 in (11.5 em) 

4.5in(11.5cm) 

4.5 in (11.5 em) 

Outlet 

4 in (10 em) 

4.5in(11.5cm) 

5in (12.5 em) 


praetieal point of view, it is not possible in the normal pelvis to reaeh the 
saeral promontory on vaginal examination either readily or without dis- 
eomfort to the patient. 

Another useful elinieal guide is the siihpuhic areh: the examiner's four 
knuckles (i.e. his elenehed fist) should rest eomfortably between the isehial 
tnberosities below the pubic symphysis. 

Note that these measurements are all of the bony pelvis; the 'dynamie 
pelvis' of the birth-eanab in faet, is narrowed by the pelvie musculature, the 
rectum and the thiekness of the uterine wall. Today accurate imaging teeh- 
niques enable exact measurements to be made of the bony pelvis. 


Varìatìons of the pelvìe shape (Fig.96) 

The female pelvie shapes may be snbdivided (after Caldwell and Moloy) as 
follows. 

1 The normal and its variants 

(a) Gifnaeeoid—normal. 

(b) Android—the masculine type of pelvis. 

(e) Platypelloid ~ shortened in the anteroposterior diameter, inereased in 
the transverse diameter (the 'non-raehitie flat pelvis')- 
(d) Anthropoid—resembling that of an anthropoid ape with a much 
lengthened anteroposterior and a shortened transverse diameter. 

2 Symmetrieally eontraeted pelvis 

That of a small woman but with a symmetrieal shape. 

3 The Raehitie flat pelvis 

The sacrum is rotated so that the saeral promontory projeets forward and 
the coccyx tips backwards. The anteroposterior diameter of the inlet is 
therefore narrowed, but that of the outlet is inereased. This deformity is 
typieal of riekets, the result of vitamin D defieieney. 

4 The asymmetrieal 

Asymmetry ean be due to a variety of causes such as seoliosis, long- 
standing hip disease (e.g. eongenital disloeation), poliomyelitis, pelvie frae- 







Fig. 96 Pelvie variations 
and abnormalities — 
shown as diagrammatie 
outlines of the pelvie 
inlet. 
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(a) Gyrìaeeoid 





(b) Generaliy eontraeted 





(g) Asymmetrieal 


ture, eongenital abnormality due to thalidomide and the Naegele pelvis 
which is due to the eongenital absenee of one wing of the sacrum or its 
destruction by disease. 


eiinieal features 


Fractures of the pelvìs 

These may be isolated lesions due to a loealized blow or may be displaee- 
ments of part of the pelvie ring due to eompression injnries. Lateral eom- 
pression usually results in fraetnres throngh both pubic rami on eaeh side, 
or both rami on one side with disloeation at the symphysis; anteroposterior 
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eompression may be followed by disloeation at the symphysis or fraetnres 
throngh the pnbie rami aeeompanied by disloeation at the saeroiliae joint. 

Displaeement of part of the pelvie ring mush of eonrse, mean that the 
ring has been broken in two plaees. 

Falls upon the leg may foree the head of the femur through the acetabu- 
lum, the so-ealled eentral disloeation of the hip. Isolated fraetnres may be 
prodneed by loeal trauma, espeeially to the iliae wing, saernm and pubis. 

Assoeiated with pelvie fraehires one must always eonsider soft tissue 
injuries to bladder^ urethra and reetnm, which may be penetrated by 
spienles of bone or tom by wide displaeements of the pelvie fragments. 

Oeeasionally in these pelvie displaeements the iliolnmbar braneh of the 
internal iliae artery is ruptured as it erosses above the saeroiliae joint; this 
may be followed by a severe or even fatal extraperitoneal haemorrhage. 

Saeral (caudal) anaesthesìa 

The saeral hiatus, between the last pieee of saernm and coccyx, ean be 
entered by a needle which pierees skin, faseia and the tough posterior 
saeroeoeeygeal ligament to enter the saeral eanal. The hiatus ean be defined 
by palpating the saeral cornua on either side (Fig. 93) immediately above 
the natal left. 

Anaesthetie solution injeeted here will travel extradurally to bathe the 
spinal roots emerging from the dural sheath, which terminates at the level 
of the 2nd saeral segment. The perineal anaesthesia ean be used for low 
foreeps delivery episiotomy and repair of a perineal tear. 


The muscles of the pelvie floor 
and perineum 


The eanal of the bony and ligamentons pelvis is elosed by a diaphragm of 
mnseles and faseiae which the rectum, urethra and, in the female, the 
vagina, must pieree to reaeh the exterior. The muscles are divided into (a) 
the pelvie diaphragm, formed by the levator ani and the eoeeygens; and (b) 
the siiperfieial mnseles of the (a) anterior (nrogenital) perinenm and the (b) 
posterior (anal) perinenm. 

Levator ani (Fig. 97) is the largest and most important muscle of the 
pelvie floor. It arises from the posterior aspeet of the body of the pubic bone, 
the faseia of the side wall of the pelvis (eovering obtnrator internus) and the 
spine of the isehinm. From this wide origin it sweeps down in a series of 
loops: 

1 to form a sling around the prostate {levator prostatae) or vagina {sphineter 
vaginae), inserting into the perineal body; 

2 to form a sling around the reehim and also insert into, and reinforee the 
deep part of, the anal sphineter at the anoreetal ring {pnhoreetalis); 
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Fig. 97 Levator ani— 
inferior aspeet. It forms 
the 'diaphragm of the 
pelvis'. 



External anal 
sphineter 
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3 the posterior fibres are attaehed to the sides of the coccyx and to a 
median fibrons raphe, which stretehes between the apex of the coccyx and 
the anoreetal jnnetion. 

(Note that the eoeeygens is in the same tissne plane as levator ani. It eorre- 
sponds almost exactly with the saerospinons ligamenh which it overlies, 
and the latter is eommonly regarded as a degenerate part of the mnsele. 
The mnsele is well developed and the ligament is often missing in those 
mammals with a mobile tail.) 

The mnsele aets as the prineipal snpport of the pelvie flooL has a sphine- 
ter aetion on the reetnm and vagina and assists in inereasing intra-abdomi- 
nal pressnre dnring defaeeation^ mietnrition and partnrition. 

Its deep aspeet is related to the pelvie viseera and its perineal aspeet 
forms the inner wall of the isehioreetal fossa (see below). 


The anterìor (orogenital) perineom (Figs98,99) 

A line joining the isehial tnberosities passes just in front of the anus. 
Between this line and the isehiopnbie inferior rami lies the urogenital part 
of the perinenm or the iirogenital triangle. 

Attaehed to the sides of this triangle is a tough faseial sheet termed the 
perineal memhrane which is piereed by the urethra in the male and by the 
nrethra and the vagina in the female. Deep to this membrane is the external 
sphineter of the nrethra eonsisting of volnntary muscle fibres surrounding 
the membranons nrethra; these are eompetent even when the internal 
sphineter has been eompletely destroyed. In the female the snperfieial 
sphineter is also piereed by the vagina. 

Enelosing the deep aspeet of the external sphineter is a seeond faseial 
sheath (eomprising areolar tissue on the deep aspeet of levator ani), so that 
this muscle is, in faeh eontained within a faseial capsule which is termed the 
deep perineal poneh. This pouch eontains, in addition, the deep transverse 
perineal mnseles and, in the male, the two hidho-nrethral glands of Cowper 
whose ducts pass forward to open into the bulbous urethra. Superficial to 
the perineal membrane is the siiperfieial perineal pouch which eontains, in the 
male: 
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Fig. 98 The male perineam—on the right side the mnseles of the anterior perinenm 
have been disseeted away. 


1 the hnlbospongiosns miisele eovering the eorpns spongiosnm which, in 
turn, surrounds the nrethra (the distal corpus spongiosum expands into the 
glans penis); 

2 the isehioeavernosMS mnsele on eaeh side, arising from the isehial ramus 
and eovering the corpus cavernosum. The urethra is thus enelosed in a 
spongy sheath snpported by a eavernons tube on eaeh side eontaining thin- 
walled venous sinuses which beeome engorged with blood when ereetion 
occurs; 

3 the superficial transverse perineal muscle, nmning transversely from 
the perineal body to the isehial ramus. It is of no fnnetional importanee but 
is seen during perineal excision of the rectum. 

In the female the same mnseles are present althongh much less well 
developed and the buIbospongiosus is piereed by the vagina. 

The perineal body 

This fibromuscular node lies in the midline at the jnnetion of the anterior 
and posterior perinenm. It is the point of attaehment for the anal sphineters, 
the bulbospongiosus, the transverse perineal mnseles and fibres of levator 
ani. 


The posterìor (anal) perìneom (Figs99,ioo) 

This is the triangle lying between the isehial tnberosities on eaeh side and 
the coccyx. It eomprises, in essentials, the anus with its superficial sphine- 
ters, levator ani and, at eaeh side, the isehioreetal fossa. 
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Fig. 99 (a) The female perineam—on the right side the mnseles of the anterior 
perinenm have been disseeted away. (b) Distribntion of the pndendal nerve to the 
female perinenm. 

The isehioreetal fossa (Fig. 100) (which would be more accurately ealled 
the isehio-anal fossa) is of eonsiderable snrgieal importanee beeanse of its 
great tendeney to beeome infeeted. Its bonndaries are: 

• laterally — the faseia over obtnrator internns (i.e. the side wall of 
the pelvis); eontained in this wall within a faseial tnnnel termed the piiden- 
dal or Aleoek's eanal are the pndendal vessels and nerve which give off 
respeetively the inferior reetal vessels and nerve, which supply the external 
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Fig. 100 The isehioreetal fossa. 


sphineter and perianal skin, then pass forward to snpply the perineal 
tissnes; 

• medially—the faseia over levator ani and the external anal sphineter; 

• posteriorly—the saerohiberons ligament eovered posteriorly by gluteus 
maximus; 

• anteriorly—the nrogenital perinenm; 

• floor—skin and subcutaneous f at. 


eiinieal features 


1 The eontent of the fossa is eoarsely lobnlated fat. It is important to note 
that the isehioreetal fossae eommnnieate with eaeh other behind the anal 
eanal—infeetion in one passes readily to the other. 

infeetion of this spaee may occur from boils or abrasions of the perianal 
skin, from lesions within the rectum and anal eanal, from pelvie infeetion 
bnrsting throngh levator ani or, rarely via the bloodstream. The fossa eon- 
tains no important structures and ean, therefore, be fearlessly ineised when 
infeeted. 

2 The pudendal nerves ean be bloeked in Aleoek's eanal on either side to 
give useful regional anaesthesia in obstetrieal foreeps delivery (see Fig. 99 
andpage 252). 


The female genítal organs 


The vulva 


The viílva (or pudendum) is the term applied to the female external genitalia. 
The labia majora are the prominent hair-bearing folds extending baek 
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from the mons pubis to meet posteriorly in the midline of the perinenm. 
They are the equivalent of the male serotnm. 

The lahia minora lie between the labia majora as lips of soft skin which 
meet posteriorly in a sharp fold, the fomehette. Anteriorly, they split to 
enelose the elitoris, forming an anterior prepiiee and posterìor frenulum. 

The vestihiile is the area enelosed by the labia minora and eontains the 
methral orifiee (which lies immediately behind the elitoris) and the vaginal 
orifiee. 

The vaginal orifiee is gnarded in the virgin by a thin mucosal fold, the 
hymen, which is perforated to allow the egress of the menses, and may have 
an annnlar, semilunar, septate or eribriform appearanee. Rarely it is imper- 
forate and menstrnal blood distends the vagina (haematoeolpos). At first 
eoihis the hymen tears, usually posteriorly or posterolaterally and after 
ehildbirth nothing is left of it but a few tags termed caninculae myrtiformes. 

Bartholin's glands (the greater vestibular glands) are a pair of lobulated, 
pea-sized, mucus-secreting glands lying deep to the posterior parts of the 
labia majora. They are impalpable when healthy but beeome obvious when 
inflamed or distended. Eaeh drains by a duct 1 in long which opens into the 
groove between the hymen and the posterior part of the labium minus. 

Anteriorly eaeh gland is overlapped by the hulh ofthe vestibule~a mass 
of cavernous ereetile tissue equivalent to the bulbus spongiosum of the 
male. This tissue passes forwards, under eover of bulbospongiosus, around 
the sides of the vagina to the roots of the elitoris. 


eiinieal features 


At ehildbirth the introitns may be enlarged by making an ineision in the 
perinenm {episiotomy). This starts at the fonrehette and extends mediolater- 
ally on the right side for 1.5 in (3 em). The skin, vaginal epithelium, subcuta- 
neous fah perineal body and snperfieial transverse perineal muscle are 
ineised. After delivery the episiotomy is carefully sutured in layers. 

The vagìna (Fig. loi) 

The vagina surrounds the cervix of the uterus, then passes downwards and 
forwards throngh the pelvie floor to open into the vestibnle. 

The cervix projeets into the anterior part of the vault of the vagina so that 
the continuous gutter surrounding the cervix is shallow anteriorly (where 
the vaginal wall is 3 in (7.5 em) in length) and is deep posteriorly (where the 
wall is 4in (lOem) long). This continuous gutter is, for eonvenienee of 
deseription, divided into the anterior, posterior and lateral/ornfees. 

Relations 

• Anteriorly — the base of the bladder and the nrethra (which is em- 
bedded in the anterior vaginal wall). 

• Posteriorly — from below upwards, the anal eanal (separated by the 
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Fig. 101 Sagittal seetion 
of the uterus and its 
relations. 


perineal body), the rectum and then the peritonenm of the pouch of 
Douglas which eovers the upper quarter ofthe posterior vaginal ivall. 

• Laterally — levator ani, pelvie faseia and the nreters, which lie immedi- 
ately ahove the lateralforniees. 

The amateur abortionist (or inexperienced gynaeeologist) without a 
knowledge of anatomy fails to realize that the uterus passes upwards and 
forwards from the vagina; he pushes the instrument or IUCD (intra-uterine 
eontraeeptive deviee), which he intends to enter the cervix, direetly baek- 
wards throngh the posterior fornix. To make matters worse, this is the only 
part of the vagina which is intraperitoneal; the peritoneal eavity is thus 
entered and peritonitis follows. 

Blood supply 

Arterial supply is from the internal iliae artery via its vaginal, nterine, inter- 
nal pudendal and middle reetal branehes. 

A venous plexus drains via the vaginal vein into the internal iliae vein. 

Lymphatie drainage (seeFig. i05) 

• Upper third to the external and internal iliae nodes. 

• Middle third to the internal iliae nodes. 

• Lower third to the snperfieial inguinal nodes. 


Structure 

A stratified squamous epithelium lines the vagina and the vaginal cervix; it 
eontains no glands and is inbrieated partly by eervieal mucus and partly by 
desquamated vaginal epithelial eells. In nulliparous women the vaginal 
wall is rugose, but it beeomes smoother after ehildbirth. The rugae of the 
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Fig. 102 Coronal seetion 
of the uterus and vagina. 
Note the important 
relationships of ureter 
and uterine artery. 


Lateral cornu eavjty Fundus 



anterior wall are sitnated transversely; this allows for filling of the bladder 
and for intereonrse. In eontrash the rngae on the posterior wall run longitu- 
dinally. This allows for sideways stretehing to aeeommodate a rectum 
distended with stool and for the passage of the fetal head. 

Beneath the epithelial eoat is a thin eonneetive tissue layer separating it 
from the muscular wall which is made up of a eriss-eross arrangement of 
involimtary muscle fibres. This muscle layer is ensheathed in a faseial 
eapsnle which blends with adjaeent pelvie eonneetive tissnes, so that the 
vagina is firmly snpported in plaee. 

In old age the vagina shrinks in length and diameter. The cervix projeets 
far less into it so that the forniees all but disappear. 

The uterus (Figs loi, 102) 

The uterus is a pear-shaped organ, 3in (7.5 em) in length, made up of the 
fnndiis, hody and cervix. The Fallopian {nterine) tubes enter into eaeh supero- 
lateral angle (the eornii) above which lies the fundus. 

The body of the uterus narrows to a waist termed the isthmns, eontinn- 
ing into the cervix which is embraeed about its middle by the vagina; this 
attaehment delimits a snpravaginal and vaginal part of the cervix. 

The isthmns is 1.5mm wide. The anatomieal internal os marks its junc- 
tion with the nterine body but its mucosa is histologieally similar to the 
endometrium. The isthmus is that part of the uterus which beeomes the 
Iower segment in pregnaney 

The eavity of the nterine body is triangnlar in eoronal seetion, but in 
the sagittal plane it is no more than a slit. This eavity eommnnieates via the 
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internal os with the eervieal eanal which, in tum, opens into the vagina by 
the external os. 

The nulliparous external os is circular but after ehildbirth it beeomes a 
transverse slit with an anterior and a posterior lip. 

The non-pregnant cervix has the firm eonsisteney of the nose; the preg- 
nant cervix has the soft eonsisteney of the lips. 

In fetal life the cervix is eonsiderably larger than the body; in ehildhood 
(the infantile uterus) the cervix is still twice the size of the body but, during 
puberty the uterus enlarges to its adult size and proportions by relative 
overgrowth of the body. The adult uterus is bent forward on itself at about 
the level of the internal os to form an angle of 170°; this is termed anteflexion 
ofthe nteriis. Moreover, the axis of the cervix forms an angle of 90° with the 
axis of the Ydigma.~anteversion of the uterus. The uterus thus lies in an almost 
horizontal plane. 

In retroversion of the uterus, the axis of the cervix is direeted upwards and 
backwards. Normally on vaginal examination the lowermost part of the 
cervix to be felt is its anterior lip; in retroversion either the os or the poste- 
rior lip beeomes the presenting part. 

In retroflexion the axis of the body of the uterus passes upwards and 
backwards in relation to the axis of the cervix. 

Frequently these two eonditions co-exist. They may be mobile and 
symptomless—as a result of distension of the bladder or purely as a devel- 
opment anomaly. Indeed, mobile retroversion is found in a quarter of the 
female population and may be regarded as a normal variant. Less eom- 
monly they are fixed, the result of adhesions, previous pelvie infeetion, 
endometriosis or the pressnre of a tumour in front of the uterus (Fig. 103). 

Relations 

• Anteriorly—the body is related to the uterovesical pouch of peritoneum 
and lies either on the snperior surface of the bladder or on eoils of intestine. 
The snpravaginal cervix is related direetly to bladder, separated only by 
eonneetive tissue. The infravaginal cervix has the anterior fomix immedi- 
ately in front of it. 

• Posteriorly—lies the pouch of Douglas, with eoils of intestine within it. 

• Laterally—the broad ligament and its eontents (see below); the ureter lies 
12 mm lateral to the supravaginal cervix. 


eiinieal features 


The most important single praetieal relationship in this region is that of the 
ureter to the supravaginal cervix. At this point, the ureter lies just above the 
level of the lateral fomix, below the uterine vessels as these pass aeross 
within the broad ligament (Fig. 104). In performing a hystereetomy the 
ureter may be aeeidentally divided in elamping the nterine vessels, espe- 
eially when the pelvie anatomy has been distorted by a previons operation, 
a mass of fibroids, infeetion or malignant infiltration. 
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(a) Normal 
{anteflexed, 
anteverted) 



(c) Retroversion 
(uterus still 
anteflexed) 



(b) Retroflexion 
(uterus still 
anteverted) 



(d) Retroversion 
and 

retroflexion 


Fig. 103 Variations in nterine position and their terminology. 


Fig. 104 Lateral view of 
the uterus (sehematie) to 
show eomposition of the 
broad ligament, the 
relations of ureter and 
uterine artery, and the 
peritoneal eovering of the 
uterus (pink stippled). 
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The ureter is readily infiltrated by lateral extension of a eareinoma of the 
uterus; bilateral hydronephrosis with nraemia is a frequent mode of termi- 
nation of this disease. 

The elose relationship of ureter to the lateral fornix is best appreeiated 
by realizing that a nreterie stone at this site ean be palpated on vaginal 
examination. (This is the answer to the examination question: 'VVhen ean a 
stone in the ureter be felt?') 

Blood supply 

The uterine artery (from the internal iliae) runs in the base of the broad liga- 
ment and erosses above and at right angles to the ureter to reaeh the uterus 
at the level of the internal os. The artery then aseends in a tortuous manner 
alongside the uterus, supplying the corpus, and then anastomoses with the 
ovarian artery. The uterine artery also gives off a deseending braneh to the 
cervix and branehes to the upper vagina. The veins aeeompany the arteries 
and drain into the internal iliae veins, but they also communicate via the 
pelvie plexus with the veins of the vagina and bladder. 

Lymph drainage (Fig.ios) 

1 The fundus (together with the ovary and Fallopian tube) drains along 
the ovarian vessels to the aortie nodes, apart from some lymphaties which 
pass along the round ligament to the inguinal nodes. 

2 The body drains via the broad ligament to nodes lying alongside the 
external iliae vessels. 


Para-aortie nodes 



nodes 


Fig. 105 Lymph drainage 
of the uterus and vagina. 
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3 The cervix drains in three direetions—laterally, in the broad ligament, to 
the external iliae nodes; posterolaterally along the nterine vessels to the 
internal iliae nodes; and posteriorly along the recto-uterine folds to the 
saeral nodes. 

Always examine the ingninal nodes in a snspeeted eareinoma of the 
eorpns uteri—they may be involved by lymphatie spread along the round 
ligament. 


Structure 

The body of the uterus is eovered with peritoneum except where this is 
refleeted off at two sites, anteriorly on to the bladder at the uterine isthmns 
and laterally at the broad ligaments. Anteriorly, the peritonenm is only 
loosely adherent to the snpravaginal cervix; this allows for bladder disten- 
sion. The muscle wall is thiek and made up of a eriss-eross of involuntary 
fibres mixed with fibroelastie eonneetive tissue. 

The mneosa is applied direetly to muscle with no submucosa inter- 
vening. The mucosa of the body of the uterus is the endometriiim, made 
up of a single layer of enboidal eiliated eells forming simple tubular 
glands which dip down to the nnderlying muscular wall. Below this 
epithelium is a stroma of eonneetive tissue eontaining blood vessels and 
round eells. 

The eervieal eanal epithelinm is made up of tall columnar eells which 
form a series of eomplieated branehing glands; these seerete an alkaline 
mucus which forms a proteetive 'eervieal pliig' filling the eanal. 

The vaginal aspeet of the cervix is eovered with a stratified squamous 
epithelium continuous with that of the vagina. 

The mucosa of the corpus undergoes extensive ehanges during the 
menstrnal eyele which may be briefly snmmarized thus: 

1 first 4 days—desquamation of its snperfieial two-thirds with bleeding; 

2 subsequent 2-3 days — rapid reeonstitntion of the raw mneosal 
snrfaee by growth from the remaining epithelial eells in the depths of the 
glands; 

3 by the 14th day the endometrium has reformed; this is the end of the pro- 
liferative phase; 

4 from the 14th day until the menstrnal flow eommenees is the seeretory 
phase; the endometrinm thiekens, the glands lengthen and distend with 
fluid and the stroma beeomes oedematons and stnffed with white eells. 

At the end of this phase three layers ean be defined: 

1 a eompaet snperfieial zone; 

2 a spongy middle zone—with dilated glands and oedematons stroma; 

3 a basal zone of inaetive non-seereting tubules. 

With degeneration of the corpus luteum there is shrinkage of the 
endometrium, the arteries retraet and eoil, prodneing isehaemia of the 
middle and superficial zones, which then desquamate. It is probable that 
spasm of the vessels in the basal layer (which remains non-desquamated) 
prevents the woman bleeding to death. 

Only very slight desquamation and bleeding takes plaee in the mucosa 
of the eervieal eanal. 
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Fig. 106 The Fallopian tube, ovary and broad ligament. 

The Fallopìan tubes (Fig. io6) 

The Fallopian, or nterine, tnbes are abont 4in (10 em) long; they lie in the 
free edge of the broad ligaments and open into the eornn of the uterus. Eaeh 
eomprises four parts. 

1 The infundihulum — the bugle-shaped extremity extending beyond the 
broad ligament and opening into the peritoneal eavity by the osthim. Its 
mouth is fimbriated and overlies the ovary, to which one long fimbria actu- 
ally adheres (fimhria ovariea). 

1 The ampulla—wìde, thin-walled and tortuous. 

3 The isthmus—narrow, straight and thick-walled. 

4 The interstitial part~whìch pierees the nterine wall. 

Structure 

Apart from the interstitial part, the tube is elothed in peritonenm. Beneath 
this is a muscle of outer longitudinal and inner eirenlar fibres. 

The mucosa is formed of columnar, mainly eiliated eells and lies in lon- 
gitndinal ridges, eaeh of which is thrown into numerous folds. 

The ova are propelled to the uterus along this tube, partly by peristalsis 
and partly by eilial aetion. 


eiinieal features 


1 Note that the genital eanal in the female is the only direet eommnniea- 
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tion into the peritonenm from the exterior and is a potential pathway for 
infeetion (f or example, in gonorrhoea). 

2 The fertilized ovum may implant eetopieally i.e. in a site other than 
the endometrium of the corpus uteri. When this occurs in the Fallopian 
tube it is ealled, aeeording to the exact site, fimbrial, ampnllary isthmie or 
interstitial, of which the ampullary is the eommonest and interstitial the 
rarest. 

As the eetopie embryo enlarges, it may abort into the peritoneal eavity 
(where rarely it eontinnes to grow as a seeondary abdominal pregnaney), or 
else ruptures the tube. This seeond fate is partienlarly likely to occur in the 
narrow and relatively non-distensible isthmus; rupture is usually into the 
peritoneal eavity but may rarely occur into the broad ligament. 

The ovary (Fig. i 06 ) 

The ovary is an almond-shaped organ, 1.5 in (4cm) long, attaehed to the 
baek of the broad ligament by the mesovarinm. The ovary has two other 
attaehments, the infnndihnlopelvie ligament, (sometimes ealled the siispen- 
sory ligament of the ovary), along which pass the ovarian vessels and lym- 
phaties from the side wall of the pelvis, and the ovarian ligament, which 
passes to the cornu of the uterus. 

Relations 

The ovary is usually deseribed as lying on the side wall of the pelvis oppo- 
site the ovarian fossa, which is a depression bounded by the external iliae 
vessels in front and the ureter and intemal iliae vessels behind and which 
eontains the obtnrator nerve. However, the ovary is extremely variable in 
its position and is frequently found prolapsed into the pouch of Douglas in 
perfeetly normal women. 

The ovary like the testis, develops from the genital ridge and then 
deseends into the pelvis. In the same way as the testis, it therefore drags its 
blood supply and lymphatie drainage downwards with it from the poste- 
rior abdominal wall. 


Blood supply, lymph drainage and nerve supply 

Blood snpply is from the ovarian artery which arises from the aorta at the 
level of the renal arteries. The ovarian vein drains, on the right side, to the 
inferior vena eava, on the left, to the left renal vein, exactly eomparable to 
the venous drainage of the testis. 

Lymphaties pass to the aortie nodes at the level of the renal vessels, fol- 
lowing the general rule that lymphatie drainage aeeompanies the venous 
drainage of an organ. 

Nerve siipply is from the aortie plexus (TIO). 

All these structures pass to the ovary in the infundibulopelvic ligament. 
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Structure 

The ovary has no peritoneal eovering; the serosa ends at the mesovarian 
attaehment. It eonsists of a eonneetive tissne stroma eontaining Graafianfol- 
lieles at varions stages of development, eorpora liitea and eorpora albieantia 
(hyalinized, regressing eorpora Intea, which take several months to absorb 
eompletely). 

The snrfaee of the ovary in yonng ehildren is eovered with a so-ealled 
'germinal epithelinm' of enboidal eells. It is now known, however, that 
the primordial follieles develop in the ovary in early fetal life and do not 
differentiate from these eells. In adnlt life, in faet, the epithelial eovering 
of the ovary disappears, leaving only a fibrons eapsnle termed the timiea 
alhnginea. 

After the menopanse the ovary beeomes small and shrivelled; in old age 
the follieles disappear eompletely. 

The endopelvìe faseia and the pelvìe 
lìgaments (Fig. i07) 

Pelvie faseia is the term applied to the eonneetive tissne floor of the pelvis 
eovering levator ani and obtnrator internns. The endopelvie faseia is the 
extraperitoneal eellnlar tissne of the uterus (the parametrhim), vagina, 
bladder and rectum. VVithin this endopelvie faseia are three important 
eondensations of eonneetive tissue which sling the pelvie viseera from 
the pelvie walls. 

1 The eardinal ligaments (transverse eervieal, or Maekenrodt's ligaments), 
which pass laterally from the cervix and upper vagina to the side walls of 
the pelvis along the lines of attaehment of levator ani, are eomposed of 
white fibrons eonneetive tissue with some involuntary muscle fibres and 
are piereed in their upper part by the ureters. 
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Fig. 107 The pelvie ligaments seen from above. 
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2 The iiterosaeral ligaments, which pass backwards from the posterolateral 
aspeet of the cervix at the level of the isthmus and from the lateral vaginal 
forniees deep to the nterosaeral folds of peritonenm in the lateral boimd- 
aries of the pouch of Douglas, are attaehed to the periosteum in front of the 
saeroiliae joints and the lateral part of the third pieee of the saernm. 

3 The pnboeerviealfaseia extends forward from the eardinal ligament to the 
pubis on either side of the bladder, to which it aets as a sling. 

These three ligaments aet as snpports to the cervix of the uterus and the 
vault of the vagina, in eonjnnetion with the important elastie muscular 
foundation provided by levator ani. In prolapse these ligaments lengthen 
(in proeidentia—eomplete nterine prolapse—they may be 6 in (15 em) long) 
and any repair operation must include their reconstitution. 

Two other pairs of ligaments take attaehments from the uterus. 

1 The hroad ligament is a fold of peritoneum eonneeting the lateral margin 
of the uterus with the side wall of the pelvis on eaeh side. The uterus and its 
broad ligaments, therefore, form a partition aeross the pelvie floor dividing 
off an anterior eompartmenh eontaining bladder (the iiterovesieal poneh), 
from a posterior eompartmenh eontaining rectum (the pouch of Douglas or 
reeto-ii terine pouch ). 

The broad ligament eontains or earries (Figs 104,106): 

• the Fallopian (nterine) tube in its free edge; 

• the ovary, attaehed by the mesovarinm to its posterior aspeet; 

• the round ligament; 

• the ovarian ligament, erossing from the ovary to the nterine cornu (see 
ovary); 

• the uterine vessels and branehes of the ovarian vessels; 

• lymphaties and nerve fibres. 

The ureter passes forwards to the bladder deep to this ligament and 
lateral to and immediately above the lateral fornix of the vagina. 

2 The round ligamen t— a fibromuscular eord—passes from the lateral angle 
of the uterus in the anterior layer of the broad ligament to the internal 
ingninal ring; thenee it traverses the ingninal eanal to the labinm majus. 
Taken together with the ovarian ligament, it is equivalent to the male 
gubemaculum testis and ean be thonght of as the pathway along which the 
female gonad might have, but in faet did not, deseend to the labium majus 
(the female homologue of the scrotum). Gompare this proeess to deseent of 
the testis, (page 121). 

Vaginal examìnatìon 

The relations of the vagina to the other pelvie organs must be eonstantly 
borne in mind when earrying out a vaginal examination. 

inspeetion (by means of a speculum) enables the vaginal walls and 
cervix to be examined and a biopsy or eytologieal smear to be taken. inspee- 
tion of the introitns while straining deteets prolapse and the presenee of 
stress ineontinenee. 

• Anteriorly—the nrethra, bladder and symphysis pubis are felt. 

• Posteriorly—the rectum (invasion of the vagina by a reetal neoplasm 
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must always be sought after in this disease). Collections of fluid, malignant 
deposits, prolapsed nterine tubes and ovaries or eoils of distended bowel 
may be felt in the pouch of Douglas. 

• Laterally—the ovary and tube, and the side wall of pelvis. Rarely a 
stone in the ureter may be felt through the lateral fornix. The strength of the 
perineal mnseles ean be assessed by asking the patient to tighten up her 
perineum. 

• Apex—the cervix is felt projeeting baek from the anterior wall of 
the vagina. In the normal anteverted uterus the anterior lip of the cervix 
presents; in retroversion either the eervieal os or the posterior lip are first to 
be felt. 

Pathologieal eervieal eonditions—for example, neoplasm—ean be felt, 
as ean the softening of the cervix in pregnaney and its dilatation during 
labour. 

Bimanual examination assesses the pelvie size and position of the 
uterus, enlargements of ovary or nterine tubes and the presenee of other 
pelvie masses. 

The obstetrieian ean assess the pelvie size both in the transverse and 
anteroposterior diameter. Partienlarly important is the distanee from the 
lower border of the symphysis pubis to the saeral promontory which is 
termed the diagonal eonjiigate. If the pelvis is of normal size, the examiner's 
fingers should fail to reaeh the promontory of the saernm. If it is readily pal- 
pable, pelvie narrowing is present (see 'obstetrieal pelvie measurements\ 
page 128). 

Embryology of the Fallopìan tubes, 
uterus and vagìna (Fig. los) 

The paramesonephrie (or Miillerian) ducts develop, one on eaeh side, adjaeent 
to the mesonephrie (Wolffian) ducts in the posterior abdominal wall—they are 
mesodermal in origin. All these four tubes lie elose together caudally pro- 
jeeting into the anterior (nrogenital) eompartment of the eloaea. 

One system disappears in the male, the other in the female, eaeh leaving 
behind eongenital remnants of some interest to the elinieian. 

In the male, the paramesonephrie duct disappears, apart from the 
appendix testis and the prostatie ntriele. In the female, the mesonephrie 
system (which in the male develops into the vas deferens and epididymal 
ducts) persist as remnants in the broad ligament termed the epòophoron, 
paròophoron and diiets ofGàrtner. 

The paramesonephrie ducts in the female form the Fallopian tubes era- 
nially. More eandally they eome together and fuse in the midline (drag- 
ging, as they do so, a peritoneal fold from the side wall of the pelvis which 
beeomes the broad ligament). The median structure so formed differenti- 
ates into the epithelium of the uterine body (endometrinm), eervieal eanal 
and upper one-third of the vagina, which are first solid and later beeome 
eanalized. The rest of the vaginal epithelinm develops by eanalization of 
the solid sinnvaginal node at the baek of the nrogenital sinus. This accounts 
for the differenees in lymphatie drainage of the upper and lower vagina 
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Fig. 108 Diagrams of the development of the Fallopian tubes, uterus and vagina 
from the paramesonephrie (Míillerian) ducts and the urogenital sinus (after 
Hollinshead). 


(Fig. 105). The muscle of the Fallopian tubes, uterine body, cervix and 
vagina develops from surrounding mesoderm, so that remnants of the 
mesonephrie duct system of the female are found in the myometrinm, 
cervix and vaginal wall. 

Developmental abnormalities of this system ean easily be dedneed. All 
stages of division of the original double tube may persist from a bicornuate 
uterus to a eomplete reduplication of the uterus and vagina. Alternatively, 
there may be absenee, hypoplasia or atresia of the duct system on one or 
both sides. 

Failnre of eanalization of the originally solid caudal end of the duct 
results, after puberty, in the accumulation of menstrnal blood above the 
obstrnetion. First the vagina may distend with blood, then the uterus 
and then the tubes (haematoeolpos, haematometra and haematosalpinx, 
respeetively). 


The posterior abdomínal wall 


The bed of the posterior abdominal wall is made up of three bony and four 
muscular structures. 

Thebones are: 

• the bodies of the lumbar vertebrae; 
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• the saemm; 

• the wings of the ilium. 

The muscles are: 

• the diaphragm—posterior part; 

• the quadratus lumborum; 

• the psoas major; 

• the iliacus. 

The diaphragm has been eonsidered in the seetion on thorax. 

The psoas must be dealt with in more detail beeanse of the involvement 
of its sheath in the formation of a psoas abseess. 

The psoas major arises from the transverse proeesses of all the lumbar 
vertebrae and from the sides of the bodies and the intervening dises of T12 
to L5 vertebrae. It passes downwards and laterally at the margin of the brim 
of the pelvis, narrowing down to a tendon which erosses the front of the hip 
joint beneath the ingninal ligament to be inserted, with iliaens, into the 
lesser troehanter of the femur (Fig. 109). 

The psoas major, together with iliacus, flexes the hip on the tmnk, or, 
alternatively the tmnk on the hips (e.g. in sitting up from the lying posi- 
tion). Psoas minor, absent in 40% of snbjeets, lies on psoas major and 
attaehes to the iliopnbie eminenee. 


eiinieal features 


1 The femoral artery lies on the psoas tendon in the groin, and it is this 
firm posterior relation of the femoral artery at the groin which enables it 
here to be identified and eompressed easily by the finger. 

2 The psoas is enelosed in the psoas sheath which is a eompartment of the 
lumbar faseia. Pus from a tuberculous infeetion of the lumbar vertebrae is 
limited in its anterior spread by the anterior longitndinal vertebral liga- 
ment, and therefore passes laterally into its sheath {psoas ahseess), which 
may also be entered by pus traeking down from the posterior mediastinnm 
in disease of the thoraeie vertebrae. Pus may then spread under the 
ingninal ligament into the femoral triangle where it prodnees a soft 



Fig. 109 Psoas sheath 
and psoas abseess. On the 
right is a normal psoas 
sheath; on the left it is 
shown distended with 
pus, which traeks under 
the inguinal ligament to 
present in the groin. 
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swelling (Fig. 109). Oeeasionally, in eompletely negleeted eases, pus traeks 
along the femoral vessels, along the snbsartorial eanal and eventnally 
appears in the popliteal fossa. 

The retroperitoneal organs are: the panereas, kidneys and nreters 
(which have already been eonsidered), the snprarenals, the aorta and infe- 
rior vena eava and their main branehes, the para-aortie lymph nodes and 
the lumbar sympathetie ehain. 

The suprarenal glands (Fig.si) 

The snprarenal glands eap the upper poles of the kidneys and lie against 
the crura of the diaphragm. The left is related anteriorly to the stomaeh 
aeross the lesser sae, the right lies behind the right lobe of the liver and 
tucks medially behind the inferior vena eava. 

Eaeh gland, althongh weighing only 3 to 4 g, has three arteries supply- 
ing it: 

1 a direet braneh from the aorta; 

2 a braneh from the phrenie artery; 

3 a braneh from the renal artery. 

The single main vein drains from the hilnm of the gland into the nearest 
available vessel—the inferior vena eava on the right, the renal vein on the 
left. The stubby right suprarenal vein, eoming direetly from the inferior 
vena eava, presents the most dangerons feahire in performing an adrena- 
leetomy — the tiro should always ehoose the easier left side and leave the 
right to his ehief. 

The suprarenal gland eomprises a cortex and mednlla, which represent 
two developmentally and fnnetionally independent endoerine glands 
within the same anatomieal structure. The medulla is derived from the 
neural erest (neuroectoderm) whose eells also give rise to the sympathetie 
ganglia. The cortex, on the other hand, is derived from the mesoderm. 
The snprarenal mednlla reeeives preganglionie sympathetie fibres from the 
greater splanehnie nerve and seeretes adrenaline and noradrenaline. The 
cortex seeretes the adrenoeortieal hormones. 


Abdominal aorta (Fig. iio) 

The aorta enters the abdomen via the aortie hiatus in the diaphragm at the 
level of the 12th thoraeie vertebra and ends at L4 in the transeristal plane 
(Fig. 42). It lies throughout this course against the vertebral bodies and is 
easily palpable in the midline. 

Anteriorly, from above down, it is related to the panereas (separating it 
from the stomaeh), the third part of the duodenum and eoils of small intes- 
tine. It is erossed by the left renal vein. A large tumour of panereas or 
stomaeh, a mass of enlarged para-aortie nodes, or a large ovarian eyst may 
transmit the puIsations of the aorta and be mistaken for an anenrysm. 

The branehes of the aorta are: 

1 three anterior unpaired branehes passing to the viseera: 

(a) the eoeliae íixfs—giving off the 
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Fig. 110 The abdominal aorta, the inferior vena eava and their main branehes. 


• hepatie artery 

• splenie artery 

• left gastrie artery 

(b) the snperior mesenterie artery 
(e) the inferior mesenterie artery 

2 three lateral paired branehes passing to viseera: 

(a) the snprarenal artery 

(b) the renal artery 

(e) the testienlar or ovarian artery 

3 five lateral paired branehes to the parietes: 

(a) the inferior phrenie artery 

(b) four Inmbar branehes 

4 terminal branehes: 

(a) the eommon iliaes 

(b) the median saeral artery. 

The eommon iliae arteries pass, one on eaeh side, downwards and out- 
wards to bifurcate into the internal and external iliaes in front of the saeroil- 
iae joint, at the level of the saeral promontory. They give no other branehes. 

At the bifnreation, the eommon iliae artery is erossed snperfieially 
by the ureter — a eonvenient site to identify this latter structure in pelvie 
operations. 
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The external iliae artery runs along the brim of the pelvis on the medial 
side of psoas major. The artery passes below the ingninal ligament to form 
the femoral artery giving off, immediately before its termination, the 
inferior epigastrie artery, which demareates the medial edge of the internal 
ingninal ring (Fig. 45) and also the deep circumflex iliae artery. 

The internal iliae artery passes backwards and downwards into the 
pelvis, sandwiched between the nreter anteriorly and the internal iliae vein 
posteriorly. At the upper border of the greater seiatie noteh it divides into 
an anterior and posterior division, which give off numerous branehes to 
supply the pelvie organs, perinenm, bnttoek and saeral eanal. 


Inferìor vena eava (Fig.iio) 

The inferior vena eava eommenees at L5 by the junction of the eommon iliae 
veins hehind the right eommon iliae artery (unlike the usual arrangement of 
a vein being snperfieial to its eorresponding artery). It lies to the right of the 
aorta as it aseends until separated from it by the right crus of the diaphragm 
when the aorta pierees this muscle. The inferior vena eava itself passes 
throngh the diaphragm at T8 (Fig. 11), traverses the pericardium and drains 
into the right atrium. 

As the inferior vena eava aseends, it is related anteriorly to eoils of small 
intestine, the third part of the duodenum, the head of the panereas with the 
eommon bile duct, and the first part of duodenum. It then passes behind the 
foramen of Winslow, in front of which lies the portal vein, separating it 
from the eommon bile duct and hepatie artery. Finally the inferior vena 
eava lies in a deep groove in the liver before piereing the diaphragm. Within 
the liver it reeeives the right and left hepatie veins. Oeeasionally these veins 
fuse into a single trunk which opens direetly into the inferior vena eava; 
on other oeeasions the eentral hepatie vein (which usually enters the left 
hepatie near its termination) drains direetly into the inferior vena eava 
(Fig. 74). These variations are now of importanee beeanse of the possibility 
of earrying out reseetion of one or other lobe of the liver. 

Lumbar sympathetie ehaìn 

The lumbar part of the sympathetie trunk eommenees deep to the medial 
arenate ligament of the diaphragm as a eontinnation of the thoraeie sympa- 
thetie ehain (see Fig. 276). On eaeh side it lies against the bodies of the 
lumbar vertebrae overlapped, on the right side, by the inferior vena eava 
and on the left by the aorta. 

The lumbar arteries lie deep to the ehain but the lumbar veins may eross 
snperfieial to it and are of importanee beeanse they may be damaged in per- 
forming a sympatheetomy 

Below, the lumbar trimk passes deep to the iliae vessels to continue as 
the saeral trunk m front of the saernm. Inferiorly the ehains eonverge and 
unite in front of the coccyx as the small ganglion impar. 

Usually the lumbar trunk earries four ganglia, althongh sometimes 
these are eondensed to three. All four send grey rami eommnnieantes to the 
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Fig. 111 CT sean at the level of the Ist Inmbar vertebra. This demonstrates the liver, 
gall-bladder, aorta with the eommeneement of the snperior mesenterie artery, the 
inferior vena eava, the crura of the diaphragm, the kidneys, panereas and the spleen. 
The splenie vein ean be seen as it passes to the splenie hilum posterior to the body of 
the panereas. The vena eava lies on the right crus. The vessels have been enhaneed 
by an intravenous injeetion of eontrast. 

lumbar spinal nerves; in addition, the upper two ganglia reeeive white 
rami. 

Branehes from the ehain pass to plexuses around the abdominal aorta 
and its branehes, which also reeeive fibres from the splanehnie nerves and 
the vagus. Other branehes pass in front of the eommon iliae vessels as the 
hypogastrie plexus ('presaeral nerves') to supply the pelvie viseera via 
plexuses of nerves distribnted along the branehes of the internal iliae artery 

The parasympathetie supply to the pelvie viseera arises from the ante- 
rior primary rami of S2, 3 and 4 and is distribnted with the pelvie plexuses 
(seepage 401). 

eiinieal features 

Liimbar sympatheetomy is earried out via an extraperitoneal approaeh. A 
paramedian or transverse midabdominal ineision is used, the peritoneum 
exposed and peeled medially from the posterior abdominal wall. The 
ureter, which adheres to the peritoneum like a fly to fly-paper, is seen and 
earefnlly preserved. Psoas major eomes into view with the genitofemoral 
nerve upon it, then the lumbar vertebrae, against which the sympathetie 
ehain ean be felt. 

Usually the 2nd, 3rd and 4th ganglia are excised with the intermediate 
ehain; this effeets an adequate sympatheetomy of the lower limb, the skin of 
which then beeomes warm, pink and dry. 

Computerized axial tomography (CT seanning) has revealed a fresh 
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Fig. 112 CT sean at the 
level of the 2nd Inmbar 
vertebra demonstrating 
the kidneys, aorta, i.v.e., 
the liver, renal and 
snperior mesenterie 
vessels, and the mnseles 
of the abdominal wall. 
The blood vessels, again, 
have been enhaneed by 
an intravenoas injeetion 
of eontrast. 
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dimension to the importanee of topographieal anatomy. It is now neeessary 
for elinieians to possess a detailed knowledge of the eross-seetional rela- 
tionships of the body in health so that pathologieal abnormalities ean be 
appreeiated. Fignres 111 and 112 demonstrate CT sean cuts of the abdomen 
at the levels of the Ist and 2nd Inmbar vertebral bodies respeetively. Clini- 
eal students should take every opportunity of stndying normal seans with 
the help of a skilled radiologist. 
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The female breast 


The female breast overlies the 2nd to the 6th rib; two-thirds of it rests on 
peetoralis major, one-third on serratns anterior, while its lower medial edge 
just overlaps the upper part of the rectus sheath. 

Structure 

The breast is made up of 15-20 lobules of glandular tissue embedded in fat; 
the latter aeeoimts for its smooth contour and most of its bulk. These 
lobules are separated by fibrous septa running from the subcutaneous 
tissues to the faseia of the ehest wall (the ligaments of Cooper). 

Eaeh lobule drains by its lactiferous duct on to the nipple, which is sur- 
rounded by the pigmented areola. This area is lubricated by the areolar 
glands of Montgomery; these are large, modified sebaceous glands which 
may form sebaceous eysts which may in turn, beeome infeeted. 

The male breast is rndimentary eomprising small ducts without alveoli 
and snpported by fibrous tissue and fat. insignifieant it may be, but it is still 
prone to the major diseases that affeet the female organ. 

Blood supply 

1 From the axillary artery via its lateral thoraeie and aeromiothoraeie 
branehes. 

2 From the internal thoraeie (internal mammary) artery via its perforating 
branehes; these pieree the first to the fourth intereostal spaees, then traverse 
peetoralis major to reaeh the breast along its medial edge. The first and 
seeond perforators are the largest of these branehes. 

3 From the intereostal arteries via their lateral perforating branehes; a 
relatively unimportant source. 

The venous drainage is to the eorresponding veins. 

Lymphatìe draìnage 

This is of eonsiderable importanee in the spread of breast tumours. 

The lymph drainage of the breast, as with any other organ, follows the 
pathway of its blood supply and therefore travels: 

1 along tribntaries of the axillary vessels to axillary lymph nodes; 

2 along the tributaries of the internal thoraeie vessels, piereing peetoralis 
major to traverse eaeh intereostal spaee to lymph nodes along the intemal 
mammary ehain; these also reeeive lymphaties penetrating along the lateral 
perforating branehes of the intereostal vessels. 

Although the lymph vessels lying between the lobules of the breast 
freely eommimieate, there is a tendeney for the lateral part of the breast to 


159 


160 


The upper limb 



Fig. 113 Diagram of the prineipal pathways of lymphatie drainage of the breast. 
These follow the venons drainage of the breast—to the axilla and to the internal 
mammary ehain. 


drain towards the axilla and the medial part to the internal mammary ehain 
(Fig. 113). 

A snbareolar plexus of lymphaties below the nipple (the plexus of 
Sappey) and another deep plexus on the peetoral faseia have, in the past, 
been eonsidered to be the eentral points to which, respeetively, the super- 
fieial and deep parts of the breast drain before eommnnieating with main 
efferent lymphaties. These plexuses appear, however, to be relatively un- 
important, the vessels, in the main, passing direetly to the regional lymph 
nodes. 

The axillary lymph nodes (some 20-30 in number) drain not only 
the lymphaties of the breast, but also those of the peetoral region, upper 
abdominal wall and the upper limb, and are arranged in five groups 
(Fig. 114): 

1 anterior—lying deep to peetoralis major along the lower border of pee- 
toralis minor; 

2 posterior—along the subscapular vessels; 

3 lateral—along the axillary vein; 

4 eentral—in the axillary fat; 

5 apieal (throngh which all the other axillary nodes drain)—immediately 
behind the elaviele at the apex of the axilla above peetoralis minor and 
along the medial side of the axillary vein. 

eiinieians and pathologists often define metastatie axillary node spread 
simply into three levels: 
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Fig. 114 Thelymphnodesof theaxilla. 


• level I—nodes inferior to peetoralis minor; 

• level II—nodes behind peetoralis minor; 

• level III—nodes above peetoralis minor. 

From the apieal nodes emerges the snbelavian lymph trunk. On the 
righh this either drains direetly into the snbelavian vein or else joins the 
right jngnlar trnnk; on the left it usually drains direetly into the thoraeie 
duct. 

Lymphatie spread of a growth of the breast may occur further afield 
when these normal pathways have beeome interrnpted by malignant 
deposits, snrgery or radiotherapy. Seeondaries may then be found in the 
lymphaties of the opposite breast or in the opposite axillary lymph nodes, 
the groin lymph nodes (via lymph vessels in the trunk wall), the eervieal 
nodes (as a result of retrograde extension from the bloeked thoraeie duct or 
jugular trunk), or in peritoneal lymphaties spreading there in a retrograde 
manner from the lower internal mammary nodes: this in addition, of 
course, to spread via the blood stream. 

Development 

The breasts develop as an invagination of ehest wall eetoderm, which 
forms a series of branehing ducts. Shortly before birth this site of invagina- 
tion everts to form the nipple. At pnberty alveoli sprout from the ducts and 
eonsiderable fatty infiltration of the breast tissue takes plaee. With preg- 
naney there is tremendons development of the alveoli which, in laetation, 
seerete the fatty droplets of milk. At the menopanse the gland tissue 
atrophies. 
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eiinieal features 


1 Developmental abnormalities are not nneommon. The nipple may fail 
to evert and it is important to find out from the patient whether or not an 
inverted nipple is a reeent event or has been present sinee birth. Super- 
numerary nipples or even breasts may occur along a vertieal 'milk line'—a 
reminder of the line of mammary glands in more primitive mammals; on 
the other hand, the breast on one or both sides may be small or even absent 
(amazia). 

2 An abseess of the breast should be opened by a radial ineision to avoid 
cutting aeross a number of lactiferous ducts. Such an abseess may rupture 
from one faseial eompartment into its neighbonrs, and it is important at 
operation to break down any loculi which thus form in order to provide 
ample drainage. 

3 Dimpling of the skin over a eareinoma of the breast results from malig- 
nant infiltration and fibrons eontraetion of Gooper's ligaments —as these 
pass from breast to skin, their shortening resnlts in tethering of the skin to 
the underlying tumour. This may also occur, however, in ehronie infeetion, 
after trauma and, very rarely, in fibroadenosis, so that skin fixation to a 
breast lump is not neeessarily diagnostie of malignaney. 

4 Retraetion of the nipple, if of reeent origin, is suggestive of involvement 
of the milk ducts in the fibrous eontraetion of a scirrhous tumour. 

5 The excision of a breast eareinoma by radieal masteetomy involves the 
removal of a wide area of skin around the tumour, all the breast tissue, the 
peetoralis major (through which lymphaties pass to the internal mammary 
ehain), the peetoralis minor (which lies as a gateway to the axilla), and the 
whole axillary eontents of fatty tissue and eontained lymphnodes. This exci- 
sion also removes the bulk of the lymphaties from the arm which pass along 
the anterior and medial aspeets of the axillary vein. A few lymph vessels 
from the upper limb pass above the axillary vein and are therefore saved. 

Most snrgeons today perform less extensive snrgery for breast eaneer; 
for example, a simple masteetomy, in which the breast alone is removed, or 
an extended simple masteetomy, which eombines this with elearanee of the 
axillary fat and its eontained nodes. 

Oedema of the arm after masteetomy usually only occurs if further 
damage is done to this precarious lymph drainage by infeetion, malignant 
infiltration or heavy irradiation, or if additional strain is put on the evacua- 
tion of fluid from the limb by ligation or thrombosis of the axillary vein. 


Surface anatomy and surface 
markíngs of the upper limb 


Much of the anatomy of the limbs ean be revised on oneself; otherwise 
ehoose a thin eolleagne. 
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Bones and joìnts (SeeFigsl20,122,123,125) 

The subcutaneous border of the elavide ean be palpated throughout 
its length; the supraclavicular nerves erossing it ean be rolled against the 
bone. 

The aeromion proeess forms a sharp bony edge at the lateral extremity of 
the seapnlar spine. It lies immediately above the smooth bulge of the deltoid 
mnsele which itself eovers the greater tnberele ofthe ìmmeriis. Less easily iden- 
tified is the eoraeoid proeess of the seapnla, lying immediately below the 
elaviele at the jnnetion of the middle and outer thirds, and eovered by the 
anterior fibres of the deltoid. 

The medial border of the seapnla ean be both seen and felt. Abdnetion of 
the arm is a complex affair made up of abduction at the shonlder joinh 
depression at the sternoelavienlar joint and rotation of the seapnla; the last 
two are readily eonfirmed on self-palpation. 

With the shonlder abdneted, the head of the humerus ean be felt in the 
axilla; note its movement with rotation of the arm. 

At the elbow, the three bony landmarks are the oleeranon proeess and the 
medial and lateral epieondyles. A snpraeondylar fraehire lies above these 
points, which therefore remain in their triangnlar relationship to eaeh 
other; in disloeation of the elbow, however, the oleeranon eomes more or 
less in line with the epieondyles (Fig. 115). 

Note a hollow in the posterolateral aspeet of the extended elbow distal 
to the lateral epieondyle; this lies over the head ofthe radins which ean be felt 
to rotate during pronation and snpination. 

The posterior border of the ulna is eompletely subcutaneous and 
erossed by no named vessels or nerve; it ean therefore be exposed 
snrgieally from end to end without danger. 

At the wrisL the styloid proeesses of the radius and ulna ean be felt; the 
former extends more distally. The dorsal tnherde ofLister is palpable on the 
posterior aspeet of the distal end of the radius. 

In the palm of the hand, palpate the pisiform at the base of the 


Fig. 115 The relationship 
of the medial and lateral 
epieondyles to the 
oleeranon proeess (a) is 
disturbed in a disloeation 
of the elbow (b) but 
maintained in a 
supracondylar fracture 
(e). 



(a) Normal 



(b) Disloeation 


(e) Supracondylar fraetare 
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hypothenar eminenee. Flexor earpi nlnaris is inserted into it and when this 
tendon is relaxed by £lexing the wrist the pisiform ean be moved a little 
from side to side. The hook ofthe hamate ean be felt by deep palpation just 
distal to the pisiform. The seaphoid is felt at the base of the thenar eminenee 
and also within the anatomieal snuff-box, where there is eharaeteristie ten- 
derness when this bone is fraetnred. In a thin subject, the pisiform and the 
tnberele of the seaphoid ean be seen as bulges when the wrist is extended. 

IVIuscles and tendons 

The anterior fold of the axilla is formed by the peetoralis major, and its poste- 
rior fold by the teres major and latissimns dorsi. The digitations of serratiis 
anterior ean be seen in a muscular subject on the medial axillary wall. 

In the upper arm the deltoid forms the smooth contour of the shoulder. 
The hieeps and hraehialis eonstitnte the bulk of the anterior aspeet of the arm, 
and the trieeps its posterior aspeet. 

When the forearm is flexed against resistanee, the hraehioradialis pre- 
sents prominently along its radial border. 

At the wrist (Figs 116-118) it is eonvenient to eommenee at the radial 
pulse. The tendon medial to this is that of i]\eflexor earpi radialis, then pal- 
maris longiis (which may be absent), then the elnster of tendons oíflexor dig- 
itornm snperfieiaìis. The tendon of flexor earpi nlnaris lies most medially 
inserting into the pisiform; the ulnar pulse ean be felt just to the radial side 
of this tendon. 

On the dorsal aspeet of the wrist (Figs 117,118) the anatomieal snuff-box 
is formed by the tendons of ahdiietor pollieis longiis and of extensor pollieis 
hrevis laterally and that of extensor pollieis longns medially (i.e. towards the 
ulnar border)—the latter ean be traeed to the base of the terminal phalanx of 
the extended thumb. The tendons of extensor digitornm are seen in the 
extended hand passing to be inserted into the bases of the proximal pha- 
langes of the fingers. 
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Fig. 116 The structures 
on the anterior aspeet of 
the wrist. 
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Fig. 117 The structures on the posterior aspeet of the right wrist. 
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Fig. 118 Sehematie seetion immediately above the wrist joint. 
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Fig. 119 (a) The superficial veins of the upper limb. (b) Detail of the bieipital 
aponeurosis, lying between the median enbital vein and the braehial artery. 

Vessels 

Feel the pulsations of the siibelavian artery against the first rib, the braehial 
artery against the humerus, the radial and idnar arteries at the wrist and the 
radial artery again in the anatomieal snuff-box. 

The braehial artery bifurcates into its radial and ulnar branehes at the 
level of the neek of the radius and the line of the radial artery then eorre- 
sponds to the slight groove which ean be seen along the ulnar border of the 
tensed braehioradialis. 

The veins of the upper limb (Fig. 119) eomprise the deep venae eomitantes, 
which aeeompany all the main arteries, usually in pairs, and the much more 
important snperfieial veins — more important both in size and in praetieal 
value because of their use for venepuncture and transfnsion. 

These snperfieial veins ean be seen as a dorsal venous network on the 
baek of the hand which drains into a lateral eephalie and medial basilie vein. 

The eephalie vein at its origin lies fairly eonstantly in the snperfieial 
faseia just posterior to the radial styloid; even if not visible it ean be cut 
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down upon eonfidently at this site. It then runs up the anterior aspeet of the 
forearm to lie in a groove along the lateral border of the bieeps and then, 
after piereing the deep faseia, in the groove between peetoralis major and 
the deltoid, where again it ean readily be exposed for an emergeney cut- 
down. It finally penetrates the elavipeetoral faseia to enter the axillary vein. 

The basilie vein runs along the posteromedial aspeet of the forearm, 
passes on to the anterior aspeet just below the elbow and pierees the deep 
faseia at about the middle of the upper arm. At the edge of the posterior 
axillary fold it is joined by the venae eomitantes of the braehial artery to 
form the axillary vein. 

Linking the eephalie and basilie veins just distal to the front of the elbow 
is the median enbital vein, usually the most prominent snperfieial vein in the 
body and visible or palpable when all others are hidden in fat or eollapsed 
in shoek. 

It was this vein that was f avonred f or the operation of bleeding, or phle- 
botomy in former days; the nnderlying braehial artery was proteeted from 
the barber-surgeon's knife by the hieipital aponenrosis, a eondensation of 
deep faseia passing aeross from the bieeps tendon, which was therefore 
termed the 'gráee à Dieu' (praise be to God) faseia. 

In more modern times one tries to avoid using this vein for injeetion of 
intravenons barbitnrates and other irritating drugs because of the slight 
risk of entering the braehial artery and also beeanse of the danger of piere- 
ing a snperfieially plaeed abnormal ulnar artery in oeeasional instanees of 
high braehial bifnreation. 

Nerves 

A number of nerves in the upper limb ean be palpated, partienlarly in a thin 
snbjeet; these are the supraclavicular nerves, as they pass over the elaviele, 
the eords of the hraehial plexus against the hnmeral head (with the arm 
abdneted), the median nerve in the mid-upper arm, erossing over the 
braehial artery the ulnar nerve in the groove of the medial epieondyle and 
the snperfieial radial nerve fibres as it passes over the tendon of extensor 
pollieis longus at the wrist. 

The median nerve lies first lateral then medial to the braehial artery 
erossing it at the mid-upper arm, usually superficially but oeeasionally 
deeply. This elose relationship is of historieal interest: Nelson had his 
median nerve aeeidentally ineorporated in the ligatnre around the artery 
when his arm was ampntated above the elbow. 

Useful surface markings of othey impalpable, nerves may be listed as 
follows. 

1 The axillary nerve is related elosely to the snrgieal neek of the humerus 2 
in (5 em) below the aeromion proeess. 

2 The radial nerve erosses the posterior aspeet of the hnmeral shaft at its 
mid-point. 

3 The posterior interosseons hraneh of the radial nerve is loeated by Henry's 
method as it winds round the radius. Plaee three fingers along the radius, 
the uppermost lying just distal to the radial head; the 3rd finger then lies 
over this nerve. 
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4 The median nerve (Figs 116,118) in the forearm lies, as its name snggests, 
in the median plane; its area of distribntion in the hand is thus anaes- 
thetized if loeal anaesthetie be injeeted exactly in the mid-line at the wrist. 

5 The nlnar nerve at the wrist lies immediately medial to the ulnar pulse 
(Figs 116,118). In the hand, it passes on the radial side of the pisiform and 
then lies on the hook of the hamate. If you press with your fíngernail just 
lateral to the pisiform bone, you will experience tingling in your ulnar two 
fingers. 


The bones and joínts of 
the upper límb 


The scapula (Fig. 120 ) 

This triangular bone bears three prominent featnres: the glenoidfossa later- 
ally (which is the seapnla's contribution to the shonlder joint), the spine on 
its posterior aspeet, projeeting laterally as the aeromion proeess, and the eora- 
eoid proeess on its anterior aspeet. 

Its strong muscular eoverings proteet the scapula and it is rarely frae- 
tured, only by direet and severe violenee. 

The elavìele (Fig. 120 ) 

This long bone has a number of unusual features. 

1 It has no medullary eavity. 
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Fig. 120 The left scapula and elaviele. 




















e bones and joints of the upper limb 


2 It is the first to ossify in the fehis (5th-6th week). 

3 Althongh a long bone, it develops in membrane and not in 
eartilage. 

4 It is the most eommonly fraetnred long bone in the body 

The elaviele is made up of a medial two-thirds which is eirenlar in 
seetion and convex anteriorly and a lateral one-third which is fiattened in 
seetion and convex posteriorly. 

Medially it artienlates with the manubrium at the sternocIavicuIar joint 
(this joint eontaining an artienlar dise), and is also attaehed to, the first 
eostal eartilage by the costoclavicuIar ligament. 

Laterally it artienlates with the aeromion at the acromioclavicular joint 
(the joint eontaining an ineomplete artienlar dise) and, in addition, is 
attaehed to the eoraeoid proeess by the tough coracoclavicular ligament. 

The third parts of the snbelavian vessels and the trunks of the braehial 
plexus pass behind the medial third of the shaft of the elaviele, separated 
only by the thin subclavius muscle. Rarely these vessels (proteeted by the 
subclavius) are torn by the fragments of a fractured elaviele; this was the 
cause of death of Sir Robert Peel following a fall from his horse. 

The sternal end of the elaviele has important posteror relations; behind 
the sternoelavienlar joints lie the eommon earotid artery on the left and the 
bifurcation of the braehioeephalie artery on the right. The internal jugular 
vein lies a little more laterally on either side. These vessels are separated 
from bone by the strap mnseles—the sternohyoid and sternothyroid. 


eiinieal features 


The elaviele has three fnnetions: 

1 to transmit forees from the upper limb to the axial skeleton; 

2 to aet as a strut holding the arm free from the trunk, to hang supported 
prineipally by trapezius; 

3 to provide attaehment for mnseles. 

The weakest point along the elaviele is the jnnetion of the middle 
and outer third. Transmission of forees to the axial skeleton in falls on the 
shonlder or hand may prove greater than the strength of the bone at this site 
and this indireet foree is the usual cause of fraehire. 

When fracture occurs, the trapezius is unable to snpport the weight 
of the arm so that the eharaeteristie picture of the patient with a fractured 
elaviele is that of a man snpporting his sagging upper limb with his 
opposite hand. The lateral fragment is not only depressed but also drawn 
medially by the shonlder adductors, prineipally the teres major, latissimns 
dorsi and peetoralis major (Fig. 121). 

The humerus (Fig. 122 ) 

The upper end of the humerus eonsists of a head (one-third of a sphere) 
faeing medially upwards and backwards, separated from the greater and 
lesser tiibereles by the anatomieal neek. The hibereles, in turn, are separated by 
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Sternoeleidomastoid 


Fig. 121 The deformity 
of a fractured elaviele— 
downward displaeement 
and adduction of the 
outer fragment by 
gravity and muscle 
spasm respeetively; 
slight elevation of the 
inner fragment by the 
sternoeleidomastoid. 


the bieipital groove along which emerges the long head of bieeps from the 
shonlder joint. 

Where the upper end and the shaft of the humerus meet there is the 
narrow snrgieal neek against which lie the axillary nerve and circum£lex 
humeral vessels. The shaft itself is circular in seetion above and flattened in 
its lower part. The posterior aspeet of the shaft bears the faint spiral groove, 
demareating the origins of the medial and lateral heads of the trieeps 
between which wind the radial nerve and the profunda vessels. 

The lower end of the humerus bears the rounded capitulum laterally, for 
articulation with the radial head, and the spool-shaped troehlea medially, 
articulating with the troehlear noteh of the ulna. 

The medial and lateral epieondyles, on either side, are extra-capsular; the 
medial is the larger of the two, extends more distally and bears a groove on 
its posterior aspeet for the ulnar nerve. 

Three important nerves thus eome into elose eontaet with the humerus 
—the axillary the radial and the ulnar; they may be damaged, respeetively 
in fractures of the humeral neek^ midshaft and lower end (Fig. 122). 

It is an important praetieal point to note that the lower end of the 
humerus is angulated forward 45° on the shaft. This is easily eonfirmed by 
examining a lateral radiograph of the elbow, when it will be seen that a 
vertieal line continued downwards along the front of the shaft biseets the 
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Fig. 122 The (a) anterior and (b) posterior view of the humerus. (e) The humerus 
with its three major related nerves—axillary, radial and ulnar—all of which are in 
danger of injury in hnmeral fraehires. 


capitulum. Any deerease of this angulation indieates backward displaee- 
ment of the distal end of the humerus and is good radiographie evidenee of 
a snpraeondylar fraehire. 


The radìus and ulna (Fig. 123 ) 

The radius eonsists of the head, neek, shaft (with its radial tnberosity) and 
expanded distal end. The ulna eomprises oleeranon, troehlear fossa, eoronoid 
proeess (with its radial noteh for artienlation with the radial head), shaft and 
small distal head, which artienlates with the medial side of the distal end of 
the radius at the inferior radio-ulnar joint. 

In pronation and supination, the head of the radius rotates against the 
radial noteh of the ulna, the shaft of the radius swings round the relatively 
fixed ulnar shaft (the two bones being eonneeted by a fibrons interosseons 
ligament) and the distal end of the radius rotates against the head of the 
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Fig. 123 The right radius 
and ulna—anterior 
aspeet. 


ulna. This axis of rotation passes from the radial head proximally to the 
ulnar head distally. 


eiinieal features 


1 The pronator teres is inserted midway along the radial shaft. If the 
radius is fractured proximal to this, the proximal fragment is snpinated (by 
the aetion of the bieeps) and the distal fragment is pronated by pronator 
teres. The fraetnre mush therefore^ be splinted with the forearm snpinated 
so that the distal fragment is aligned with the snpinated proximal end. If 
the fraetnre is distal to the midshaft, the aetions of bieeps and the pronator 
mnseles more or less balanee and the fraehire is, therefore, immobilized 
with the forearm in the neural position (Fig. 124). 

2 The foree of a fall on the hand prodnees different effeets in different age 
groups; in a ehild it may cause a posterior displaeement of the distal radial 
epiphysis, in the young adult the shafts of the radius and ulna may fraetnre, 
or the seaphoid may fraetnre (see page 197), whereas, in the elderly the 
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Fig. 124 The important 
role of pronator teres in 
radial fraetnres. (a) In 
proximal fraetnres, above 
the insertion of pronator 
teres, the distal fragment 
is pronated. Such a 
fracture must be splinted 
in the supinated position. 
(b) When the fracture is 
distal to pronator teres 
insertion, the aetion of 
this muscle on the 
proximal fragment is 
eaneelled by the 
supinator aetion of 
bieeps. This fracture is, 
therefore, held reduced 
in the nentral position, 
midway between 
pronation and 
supination. 



(d) 




most likely result will be a Golles'fraetiire. In the last injury, the radius frae- 
tures about 1 in (2.5 em) proximal to the wrist joint; the distal fragment is 
displaeed posteriorly and usually beeomes impaeted. The shortening 
which resnlts brings the styloid proeesses of the radius and ulna more or 
less in line with eaeh other. 

Another forearm injury resulting from a fall on the ontstretehed hand is 
fraetnre of the head of the radius, due to its being ernshed against the eapit- 
ulum of the humerus. 

3 The oleeranon proeess may be fraetnred by direet violenee but more 
often it is avnlsed by foreible eontraetion of the trieeps, which is inserted 
into its upper aspeet. In these eirenmstanees the bone ends are widely dis- 
plaeed and operative repair, to reeonstrnet the integrity of the elbow joint, 
beeomes essential. 
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Fig. 125 The right 
carpus, metacarpus and 
phalanges. 


4 A subcutaneous bursa is eonstantly present over the oleeranon and is 
likely to beeome inflamed when exposed to repeated trauma. Students and 
eoal miners share this hazard so that oleeranon bnrsitis goes by the niek- 
names of 'stndent's elbow' and 'miner's elbow'. Althongh I have seen many 
miners with this lesion, I have yet to see a medieal stndent thus disabled. 


The bones of the hand (Fig. 125 ) 

The earptis is made up of two rows eaeh eontaining four bones. In the proxi- 
mal row, from the lateral to the medial side, are the seaphoid, Innate and 
triqiietral, the last bearing the pisiform on its anterior surface, into which 
sesamoid bone the flexor earpi nlnaris is inserted. 

In the distal row, from the lateral to the medial side, are the trapezinm, 
trapezoid, eapitate and hamate. 

The carpus as a whole is arehed transversely, the palmar aspeet being 
eoneave. This is maintained by: 

1 the shapes of the individnal bones, which are broader posteriorly than 
anteriorly (except for the lunate, which is broader anteriorly); 

2 the iough flexor retinaculum passing from the seaphoid and the ridge of 
the trapezinm laterally to the pisiform and the hook of the hamate medially 
(Fig. 126). 


eiinieal features 


1 A fall on the hand may disloeate the rest of the earpal areh backwards 
from the lunate which, as eommented on above, is wide-based anteriorly 
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Fig. 126 Transverse seetion throngh the distal carpus, showing the attaehments of 
the flexor retinaculum. Note the separate osseofaseial eompartment for the tendon 
of flexor earpi radialis. Note also that, at this level, the tendor of flexor earpi ulnaris 
has 'disappeared'. It attaehes to the pisiform, in the proximal row of earpal bones. 



Nutrient foramina 







Fig. 127 Blood supply of the seaphoid. (a) Blood vessels enter the bone prineipally 
in its distal half. (b) A fraetnre through the waist of the seaphoid—vessels to the 
proximal fragment are preserved. (e) A fraetnre near the proximal pole of the 
seaphoid—in this ease there are no vessels snpplying the proximal fragment and 
aseptie neerosis of bone is therefore inevitable. 


(perilunate disloeation of the carpus). The disloeated carpus may then 
reduce spontaneously, only to push the lunate forward and tilt it over so 
that its distal articular surface faees forward (disloeation of the lunate). 

2 The seaphoid may be fractured by a fall on the palm with the hand 
abducted, in which position the seaphoid lies direetly faeing the radius. 

The blood supply of the seaphoid in one-third of eases enters distally 
along its waist so that, if the fraetnre is proximal, the blood supply to this 
small proximal fragment may be eompletely cut off with resultant aseptie 
neerosis of this portion of bone (Fig. 127). 

3 'The earpal tnnnel syndrome/ The £lexor retinaculum forms the roof of a 
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Fig. 128 The left shoalder joint—its ligaments are shown after removal of the 
humerus. 


tunnel the floor and walls of which are made up of the eoneavity of the 
carpus. Paeked within this tunnel are the long flexor tendons of the fingers 
and thumb together with the median nerve (Fig. 126). Any lesion diminish- 
ing the size of the eompartment—for example, an old fracture or arthritie 
ehange—may result in eompression of the median nerve, resulting in 
paraesthesiae, nnmbness and motor weakness in its distribution. Sinee the 
superficial palmar braneh of the nerve is given off proximal to the retinacu- 
lum, there is usually no sensory impairment in the palm. 

It is interesting that this syndrome also often occurs without any very 
obvious cause, although symptoms are relieved by dividing the retinacu- 
lum longitudinally. 


The shoulder (Figs 128 , 129 ) 

The shoulder is a ball-and-soeket joint between the relatively large head of 
humerus and relatively small and shallow glenoidfossa, although the latter is 
deepened somewhat by the cartilaginous ring of the lahriim glenoidale. 

The joint eapsnle is lax and is attaehed around the epiphyseal lines of 
both the glenoid and the humeral head. However, it does extend down on 
to the diaphysis on the medial aspeet of the neek of the humerus, so that an 
osteomyelitis of the upper end of the humeral shaft may involve the joint by 
direet spread. 

The capsule is lined by synovial membrane which is prolonged along 
the tendon of the long head of the bieeps as this traverses the joint. The syn- 
ovium also communicates with the stihseapidar bursa beneath the tendon of 
subscapularis. 

The stability of the shoulder joint depends almost entirely on the 
strength of the surrounding muscles, which may be grouped into: 

1 the elosely related short muscles of the 'rotator cufP (see below); 

2 the long head of bieeps, arising from the supraglenoid tubercle and 
erossing over the head of the humerus, thus lying actually within the joint, 
although enelosed in a tube of synovium; 
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Fig. 129 The shoulder 
joint—the same view as 
in Fig. 128—but now with 
the addition of the 
surrounding muscles. 
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3 the more distantly related long mnseles of the shonlder; the deltoid, 
long head of trieeps, peetoralis major, latissimns dorsi and teres major. 


Movements of the shoulder girdle 

The movements of the shonlder joint itself eannot be divoreed from those of 
the whole shonlder girdle. Even if the shonlder joint is fused, a wide range 
of movement is still possible by elevation, depression, rotation and protrae- 
tion of the seapnla, leverage oeenrring at the sternoelavienlar joint, the 
pivot being the eostoelavienlar ligament. 

Abdnetion of the shonlder is initiated by the supraspinatus; the deltoid 
ean then abduct to 90°. Further movement to 180° (elevation) is bronght 
about by rotation of the seapnla upwards by the trapezius and serratns 
anterior. Shonlder and shonlder girdle movements eombine into one 
smooth aetion. As soon as abdnetion eommenees at the shonlder joint, so 
rotation of the seapnla begins. Test this on yonrself or on a eolleagne by pal- 
pating the lower pole of the seapnla. This will be felt to swing outwards on 
initiation of shonlder abdnetion. Movements of the seapnla occur with reei- 
proeal movements at the sternoelavienlar joint. Plaee a finger on this joint; 
elevate the shonlder and the joint will be felt to depress, swmg the shonlder 
forwards and it will be felt to move backwards, and so on. 

Rotator eiiff (Fig. 130) is the name given to the sheath of tendons of the 
short mnseles of the shonlder which eovers and blends with all but the infe- 
rior aspeet of that joint. The mnseles are the supraspinatus, mfraspinatus 
and teres minor, which are inserted from above down into the hnmeral 
greater tnberele, and the subscapularis, which is inserted into the lesser 
tnberele. All originate from the seapnla. 

Of these mnseles, the supraspinatus is of the greatest praetieal impor- 
tanee. It passes over the apex of the shonlder beneath the aeromion 
proeess and eoraeoaeromial ligament, from which it is separated by the 
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Fig. 130 (a) 
Supraspinatus and the 
subacromial-subdeltoid 
bursa. Note that the 
supraspinatus tendon 
lies elose against the 
aeromion—if this tendon 
is inflamed, there is a 
painful are of movement 
as the shonlder is 
abdneted from 60° to 
120°, because, in this 
range, the inflamed 
tendon impinges against 
the aeromion. (b) MRI of 
the shonlder showing the 
detailed anatomy 
revealed by this 
technique. 


snbaerominal bursa. This bursa is eontinned beneath the deltoid as the snbdel- 
toid bursa forming, together, the largest bursa in the body. 

The supraspinatus initiates the abdnetion of the humerus on the 
seapnla; if the tendon is torn as a result of injury aetive initiation of abduc- 
tion beeomes impossible and the patient has to develop the triek movement 
of tilting his body towards the injnred side so that gravity passively swings 
the arm from his trunk. Onee this occurs, the deltoid and the seapnlar rota- 
tors ean then eome into play 
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Inflammation of the supraspinatus tendon ('supraspinatus tendinitis') is 
eharaeterized by a painfnl are of shoulder movementbetween 60° and 120°; 
in this range, the tendon impinges against the overlying aeromion and the 
eoraeoaeromial ligament. The investigation of soft tissue lesions around the 
shonlder has been greatly faeilitated by magnetie resonanee imaging (MRI) 
whichreveals the anatomieal structures in exquisite detail (Fig. 130b). 
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eiinieal features 


Dìsloeatìon of the shoulder 

The wide range of movement possible at the shonlder is aehieved only at 
the eost of stability and for this reason it is the most eommonly disloeated 
major joint. Its inferior aspeet is eompletely nnproteeted by mnseles and it 
is here that, in violent abdnetion, the hnmeral head may slip away from the 
glenoid to lie in the snbglenoid region, whence it usually passes anteriorly 
into a snbeoraeoid position (Fig. 131). 

The axillary nerve, lying in relation to the snrgieal neek of the humerus, 
may be torn in this injury 

The head of the humerus is drawn medially by the powerful adductors 
of the shoulder; its greater tubercle, therefore, no longer remains the most 
lateral bony projeetion of the shonlder region, being replaeed for this 
honour by the aeromion proeess. The normal bulge of the deltoid over the 
greater tubercle is lost; instead there is the eharaeteristie flattening of this 
muscle. 

In reducing the disloeation by Koeher's method the elbow is flexed and 
the forearm rotated outwards; this stretehes the subscapularis which is 
holding the hnmeral head internally rotated. The elbow is then swung 
medially aeross the trunk, thus levering the head of the humerus laterally 
so that it slips baek into plaee. 

In the Hippoeratie method, the foot is used as a fulcrum in the axilla, 
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Aeromion now the most 
lateral landmark 


Head of humerus ín 
subcoracoid position 


Subscapularis 



Fig. 131 The deformity of shoulder disloeation. The disloeated head of the humerus 
is held adducted by the shoulder girdle muscles and internally rotated by 
subscapularis. 


traetion and addnetion being applied to the forearm; in this way the 
hnmeral head is levered outwards into its normal position. 

The elbow joìnts (Figs 132 , 133 ) 

The elbow joinh although a single synovial eavity is made up of three dis- 
tinet artienlations, which are: 

1 the humero-ulnar, between the troehlea of the humerus and the troehlear 
noteh of the ulna (a hinge-joint); 

2 the hiimeroradial, between the capitulum and the upper eoneave snrfaee 
of the radial head (a ball and soeket joint); 

3 the superior radio-ulnar, between the head of the radius and the radial 
noteh of the ulna, the head being held in plaee by the tough annular liga- 
ment (a pivot joint). 

The capsule of the elbow joint is elosely applied around this complex 
artienlar arrangement; the non-articular medial and lateral epieondyles are 
extracapsular. The capsule is thin and loose anteriorly and posteriorly to 
allow £lexion and extension, whereas it is strongly thiekened on either side 
to form the medial and lateral eollateral ligaments. The lateral ligament is 
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Goronoid proeess 


Fig. 132 The bony eomponents of the elbow joint. Note the three sets of artienlar 
snrfaees. 


Humerus 


Radiat 

eoliateral 

ligament 

Joint capsule 


Annular 

ligament 



Radius 

lnterosseous 

membrane 

Ulna 


Fig. 133 The joint eapsnle of the right elbow—lateral aspeet. 


attaehed distally to the annnlar ligament around the radial head. In order to 
allow rotation of the radius, the lower margin of the annular ligament is 
free and, beneath it, the synovinm of the elbow bulges downwards on to the 
neek of the radius. 

Two sets of movements take plaee at the elbow: 

1 flexion and extension at the humero-ulnar and hnmeroradial joints; 

2 pronation and snpination at the proximal radio-ulnar (in eonjnnetion 
with assoeiated movements of the distal radio-uInar joint). 
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Supination aetion 
of bieeps 



Radial tuberosity 


Bieeps tendon 


Bieeps bursa 
Radìal head 


Fig. 134 The snpination aetion of bieeps. 

Muscles aeting on the elbow 

Flexors 
bieeps 
braehialis 
braehioradialis 
the forearm £lexor muscles 

Pronators 

pronator teres 
pronator quadratus 
£lexor earpi radialis 


The supinator aetion o£ the bieeps is due to its insertion on to the poste- 
rior aspeet o£ the tnberosity o£ the radius. When the bieeps eontraets, not 
only is the torearm £lexed, but the radius 'unwinds' as its tnberosity is 
rotated anteriorly i.e. the £orearm snpinates (Fig. 134). Bieeps is a power£ul 
muscle, henee snpination is more power£ul than pronation—try it on your- 
sel£. Screwdrivers and eork screws are made £or right-handed people to 
screw in using this snpination aetion. 


Extensors 

trieeps 

aneonens 

Siipinators 

bieeps 

snpinator 

extensor pollieis longus 
extensor pollieis brevis 
abdnetor pollieis longus 


eiinieal features 


1 The elbow joint is sa£ely approaehed by a vertieal posterior ineision 
which divides the trieeps expansion. 

2 As the eapsnle is relatively weak anteriorly and posteriorly it will be 
distended at these sites by an e££usion, partienlarly posteriorly sinee the 
anterior aspeet is eovered by mnseles and dense deep £ascia. Aspiration o£ 
such an e££usion is readily per£ormed posteriorly on one or other side o£ the 
oleeranon. 
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3 The annular ligament is fnnnel-shaped in adults, but its sides are verti- 
cal in young ehildren. A sudden jerk on the arm of a ehild under the age of 8 
years may subluxate the radial head through this ligament {'pnlled elbozv'). 
Rednetion is easily affeeted by firm snpination of the elbow which 'screws' 
the radial head baek into plaee. 

4 Posterior disloeation ofthe elboiv may occur as a result of the indireet vio- 
lenee of a fall on the hand. Oeeasionlly the eoronoid proeess of the ulna is 
fraetnred in this injury being snapped off against the troehlea of the 
humerus. Gharaeteristieally the triangular relationship between the oleera- 
non and the two hnmeral epieondyles is lost (Fig. 115). 

Rednetion is effeeted by traetion to overeome the proteetive spasm of 
the mnseles aeting on the joint, together with flexion of the elbow, which 
levers the humero-ulnar joint baek into plaee. 

The wrist joint (Fig. 135 ) 

The artienlar dise of the inferior radio-ulnar joint eovers the head of the 
ulna and is attaehed to the base of the ulnar styloid proeess. This dise, 
together with the distal end of the radius, form the proximal faee of the 
wrist joint, the distal snrfaee being the proximal artienlar snrfaees of the 
seaphoid, lunate and triquetral. 

The wrist is a eondyloid joint—that is to say it allows flexion, extension, 
abduction, adduction and circumduction, the last being a eombination of 
the previous four. Flexion and extension are inereased by assoeiated sliding 
movements of the interearpal joints; althongh the range of flexion at the 
wrist is aetnally less than that of extension, these assoeiated movements 
make it apparently greater. 
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Cavity of radioearpal 

joint 

Radial eollaterat 
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Utna 


Gavity of radio- 
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Ulnar eollateral 
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Fig. 135 The wrist, earpal and earpometaearpal joints in seetion. 
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Because of the greater distal projeetion of the radial styloid, the range of 
abdnetion at the wrist is eonsiderably less than that of addnetion. 

Muscles aeting on the wrist 

Flexors~~ci\l the long mnseles erossing the anterior aspeet of the wrist joint. 
Extensors—aìì the long mnseles erossing the posterior aspeet of the joint. 
Addnetors — flexor earpi nlnaris aeting in eoneord with extensor earpi 
nlnaris. 

Ahdnetors — flexor earpi radialis and extensores earpi radialis longus and 
brevis together with the long abdnetor and short extensor of the thumb. 


The joìnts of the hand (Fig. 135 ) 

The joints between the individnal earpal bones allow gliding movements to 
occur which inerease the range of extension and, more partienlarly £lexion 
permitted at the wrist joint. 

The earpometaearpal joint of the thumb is saddle-shaped and permits 
£lexion and extension (in a plane parallel to the palm o£ the hand), abduc- 
tion and addnetion (in a plane at a right angle to the palm) and opposition, 
in which the thumb is brought aeross in eontaet with the 5th tinger. This 
joint's range eontrasts with the limited movements o£ the other ear- 
pometaearpal joints which allow a £ew degrees o£ gliding movement o£ the 
2nd and 3rd metaearpals and a small range of £lexion and extension of the 
4th and 5th metaearpals. 

The opposite state of affairs holds at the metaearpophalangeal (m/p) joints; 
only a 60° range of £lexion and extension is possible at the m/p joint o£ the 
thumb, whereas a 90° range of flexion and extension, together with abduc- 
tion, addnetion and circumduction, are possible at the four other m/p 
joint's, which are eondyloid in shape. 

Note that when the m/p joints of the fingers are £lexed, abdnetion and 
addnetion beeome impossible. This is beeanse eaeh metaearpal head, 
althongh ronnded at its distal extremity is flattened anteriorly; when the 
base o£ the proximal phalanx moves on to this flattened sur£ace, side move- 
ments beeome impossible. Moreover, the eollateral ligaments on either side 
o£ the m/p joints beeome taut in flexion and thus prevent abdnetion and 
addnetion. 

The m/p joints o£ the fingers, but not the thumb, are linked by the tough 
deep transverse ligaments, which prevent any spreading of the palm when a 
firm grip is taken. 

All the interphalangeal {i/p) joints have pulley-shaped opposing snrfaees 
and are therefore hinge-joints allowing flexion and extension only. At all the 
m/p and i/p joints the ligamentons arrangements are the same. 

1 Posteriorly— the joint eapsnle is replaeed by the expansion of the exten- 
sor tendon of the digit eoneemed. 

2 Anteriorly — the eapsnle is formed by a dense plate of fibroeartilage. 
This palmar ligament is the response to the frietion of the adjaeent flexor 
tendons. 
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3 On either side the joints are reinforeed by the eollateral ligaments, which 
are lax in extension and taut in flexion of the joint. 

The muscles aeting on the hand 

The long £lexors of the fingers are: 

1 flexor digitonim profnndiis, inserted into the base of the four distal pha- 
langes; 

2 flexor digitornm snperfieialis, inserted into the sides of the four middle 
phalanges. 

The profundus tendon pierees that of snperfieialis over the proximal 
phalanx. 

The profundus £lexes the distal phalanx, super£icialis the middle 
phalanx; aeting together they £lex the tingers and the wrist (Fig. 136). 

The long extensors o£ the tingers are: 

• extensor digitornm longns, reintoreed by 

• extensor indieis | which join the appropriate tendons o£ 

• extensor digiti minimi > extensor digitornm longus on their medial 

J sides. 

The tendons o£ extensor digitornm terminate in eaeh fínger by 
an aponenrotie extensor expansion which eovers the dorsum o£ the proxi- 
mal phalanx and the sides o£ its base. It then attaehes by a eentral slip into 
the base o£ the middle phalanx and by two lateral slips to the distal phalanx 
(Fig. 136). 

The margins of the extensor expansion are reinforeed by the tendons of 
the intrinsie mnseles of the fingers: 

1 the dorsal and palmar interossei, arising from the sides and the fronts of 
the metaearpals respeetively; 

2 the inmbrieals, which arise from the four profundus tendons and run on 
the radial side of the m/p joints to join the extensor expansion. 


Extensor expansíon 



Flexor digitorum 

profundus / 
and superficialis 


Extensor digitorum 


lnterosseous 

Lumbrical 



lnterosseous 


Lumbrical 


Fig. 136 The tendons of a finger. (a) Lateral view. (b) Posterior view. 
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These intrinsie mnseles, arising from the palmar aspeet of the hand and 
inserting along the dorsal aspeets of the fingers, have the unique aetion in 
that theyflex the m/p joints and extend the i/p joints. 

The interossei, together with ahdiietor digiti minimi, are responsible for 
abduction (dorsal interossei) and adduction (ventral interossei) of the 
fingers. A weak abduction movement aeeompanies the aetion of extensor 
digitornm and the long flexors adduct the fingers in the movement of full 
flexion. However, if these movements of extension and flexion are elimi- 
nated by laying the hand flat on the table, abdnetion and adduction beeome 
purely the aetions of the intrinsie mnseles. A eard gripped between the 
fingers in this position of the hand is kept there entirely by intrinsie muscle 
aetion. 

The 5th finger reeeives two hirther intrinsie muscles, opponens digiti 
minimi and/ZcxDr digiti minimi, from the hypothenar eminenee. 

The eight mnseles aeting on the thumb may be divided into the long 
(proeeeding from the forearm), and the short or intrinsie mnseles. 

• Long 

flexor pollieis longns—inserted into the distal phalanx 
extensor pollieis longus~into the distal phalanx 
extensor pollieis brevis—into the proximal phalanx 
ahdnetor pollieis longiis—into the metaearpal 

• Short 

addnetor pollieis 1 

flexor pollieis hrevis ) into the base of the proximal phalanx 

abdnetor pollieis hrevis J 

opponens pollieis—along the metaearpal 

The flexors and extensors of the wrist play an important synergie role 
in movements of the hand. Notiee how weak the grip beeomes when the 
wrist is fully flexed; it must be held firmly in the extended or neutral posi- 
tion by balaneed muscle aetion in order to allow the long flexors of the 
fingers and thumb to work at their full streteh and, therefore, at their 
maximum effieieney. 


The arteríes of the upper limb 


The axìllary artery 

The axillary artery eommenees at the lateral border of the first rib, as a eon- 
tinnation of the snbelavian^ and ends at the lower border of the axilla (i.e. 
the lower border of teres major) to beeome the braehial artery. It is divided 
into three parts by peetoralis minor and, apart from its distal extremity it 
lies eovered by peetoralis major. 

Above peetoralis minor, the braehial plexus lies above and behind 
the artery but, distal to this, the eords of the plexus take up their posi- 
tions around the artery aeeording to their names, i.e. lateral, medial and 
posterior. 
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The branehes of the axillary artery snpply the ehest wall and shonlder; 
eonveniently, the Ist, 2nd and 3rd parts give off one, two and three 
branehes respeetively: 

• Ist part: 1, snperior thoraeie artery 

• 2nd part: 1, aeromiothoraeie trunk 

2, lateral thoraeie artery 

• 3rd part: 1, subscapular artery 

2, anterior circumflex humeral artery 

3, posterior circumflex humeral artery 

All but the circumflex humeral vessels are encountered in the axillary 
disseetion of a radieal masteetomy. 

The braehìal artery 

The braehial artery eontinnes on from the axillary and ends at the level of 
the neek of the radius by dividing into the radial and ulnar arteries. It is 
snperfieial (immediately below the deep faseia) along its whole course, 
except where it is erossed, at the level of the middle of the humerus, by the 
median nerve which passes snperfieially from its lateral to medial side; 
oeeasionally the nerve erosses deep to the artery. Fairly frequently the 
artery divides into its two terminal branehes in the upper arm. 

The named branehes of the artery are: 

• the profunda (aeeompanying the radial nerve); 

• snperior ulnar eollateral (aeeompanying the ulnar nerve); 

• nntrient (to the humerus); 

• inferior ulnar eollateral. 

The radìal artery 

The radial artery (Fig. 137) eommenees at the level of the radial neek by 
lying on the tendon of bieeps. In its npper half it lies overlapped by braehio- 
radialis^ the surface marking of the artery being the groove which ean be 
seen on the medial side of this tensed muscle in the muscular subject. Dis- 
tally in the forearm the artery lies snperfieially between braehioradialis and 
flexor earpi radialis, and it is between these two tendons that it is palpated 
at the wrist (Fig. 116). 

In the middle third of the forearm the radial nerve lies along the lateral 
side of the artery; the nerve may here be ineorporated in a earelessly plaeed 
ligahire. 

Distal to the radial pulse, the artery gives off a braneh to assist in 
forming the snperfieial palmar areh. It then passes deep to the tendons of 
abdnetor pollieis longus and extensor pollieis brevis to enter the anatomieal 
snuff-box (in which it ean be felt), pierees the first dorsal interosseous 
muscle and addnetor pollieis, between the Ist and 2nd metaearpals, and 
goes on to form the deep palmar areh with the deep braneh of the ulnar 
artery. 
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Braehialis __ 
Bieeps 


Lateral cutaneous 
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Braehioradialis 
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Superficial radiai 

nerve 
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radialis longos 

Pronator teres deep 
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Fig. 137 Disseetion of the forearm to show prineipal vessels and nerves. The 
snperfieial forearm mnseles of the eommon flexor origin have been removed, apart 
from pronator teres, whch has been partly divided. 


The ulnar artery 

The ulnar artery (Fig. 137) is the larger of the two terminal branehes of the 
braehial artery. From its eommeneement it passes beneath the mnseles 
arising from the eommon £lexor origin, lies upon £lexor digitornm pro£un- 
dus and is overlapped by £lexor earpi nlnaris. The median nerve erosses 
super£icially to the ulnar artery separated £rom it by only part o£ one 
muscle, the deep head o£ pronator teres. 

In the distal half of the forearm the artery beeomes snperfieial between 
the tendons o£ £lexor earpi nlnaris and £lexor digitornm snblimis; it then 
erosses the £lexor retinaculum to form the super£icial palmar areh with the 
super£icial braneh o£ the radial artery 

The ulnar nerve aeeompanies the artery on its medial side in the distal 
two-thirds o£ its course in the forearm and aeross the £lexor retinaculum 
(Fig. 116). 
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Note. There is a rieh anastomosis of arteries aronnd all major joints. Apart 
from remembering this faet, the elinieal stndent need not eommit to 
memory the numerous named branehes involved. 


The braehial plexus 


The braehial plexus is of great praetieal importanee to the snrgeon. 
It may be damaged in open, elosed or obstetrieal injnries, be pressed upon 
by a eervieal rib or be involved in tumour. It is encountered, and henee put 
in danger, in operations upon the root of the neek. 

The plexus is formed as follows (Fig. 138): 

1 five roots derived from the anterior primary rami of C5, 6,1, 8 and Tl; 
link up into: 

2 three trnnks formed by the union of 

• C5 and 6 (upper); 

• C7 alone (middle); 

• C8 and T1 (lower) 
which split into: 

3 six divisions formed by eaeh trunk dividing into an anterior and poste- 
rior division; which link up again into: 

4 three eords 

• a lateral, from the fused anterior divisions of the upper and middle 
trunks; 


C5 

C6 

C7 

C8 

T1 



Musculocutaneous 

nerve 

Axillary nerve 
Radial nerve 
Median nerve 


Ulnar nerve 


Roots 

I 

Upper, middle and 
lower trunks 


Lateral, posterior and 
medial eords 


Fig. 138 Seheme of the 
braehial plexus. 


Anterior and 
posterior divisions 
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• a medial, from the anterior division of the lower trunk; 

• a posterior, from the union of all three posterior divisions. 

The roots lie between the anterior and middle sealene mnseles. The 
trunks traverse the posterior triangle of the neek. The divisions lie behind the 
elaviele. The eords lie in the axilla. 

The eords continue distally to form the main nerve trunks of the upper 
limb thus: 

1 the lateral eord continues as the musculocutaneous nerve; 

2 the medial eord, as the ulnar nerve; 

3 the posterior eord, as the radial nerve and the axillary nerve; 

4 a cross-communication between the lateral and medial eords forms the 
median nerve. 

For referenee purposes, the derivatives of the various eomponents of 
the braehial plexus are given below (Fig. 139). 

From the roots 

• nerve to rhomboids; 

• nerve to subclavius; 

• nerve to serrahis anterior (C5,6,7). 



Nerve to 
rhomboids_ 


e.v 


Suprascapular 
nerve _ 


Phrenie nerve 


e.vi 


Musculocutaneous 

nerve 


e.vii 


Radial nerve 

Axillary 

nerve 

Median nerve 

Dlnar nerve 


Lateral peetoral 
nerve 


Nerve to subclavius 

Nerve to serratus 
anterior 


e.viii 


Nerve to latíssimus 
dorsi (thoraeodorsal 
nerve) betvveen 2 
subscapular nerves 


T.1 

Ist intereostal 

Medial peetoral 
nerve 


Medial cutaneous 
nerve of arm 

Medial cutaneous 
nerve of forearm 


Fig. 139 The derivatives of the braehial plexus. The lightly coloured areas show the 
posterior divisions. 
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From the triink 

• suprascapular nerve — from the upper trunk (snpplies supraspinatus 
and infraspinatns). 

From the lateral eord 

• musculocutaneous nerve; 

• later al peetor al nerve; 

• lateral root of median nerve. 

From the medial eord 

• medial peetoral nerve; 

• medial cutaneous nerves of arm and forearm; 

• ulnar nerve; 

• medial root of median nerve. 

From the posterior eord 

• subscapular nerves; 

• nerve to latissimns dorsi (thoraeodorsal nerve); 

• axillary nerve; 

• radialnerve. 

Note that the posterior eord snpplies the skin and mnseles of the poste- 
rior aspeet of the limb whereas the anteriorly plaeed lateral and medial 
eords supply the anterior eompartment structures. 

The segmental cutaneous supply 
of the upper lìmb (Fig.MO) 

In spite of this complex interlaeing of the nerve roots in the braehial plexus, 
the skin of the upper limb, as with the skin of the rest of the body has a per- 
feetly regnlar segmental nerve supply. This is derived from C4 to T2 which 
is arranged approximately as follows: 

• C4—snpplies skin over the shonlder tip; 

• C5—radial side of upper arm; 

• C6—radial side of forearm; 

• C7—the skin of the hand; 

• C8—ulnar side of forearm; 

• Tl—ulnar side of upper arm; 

• T2—skin of the axilla (via its intereostobraehial braneh). 


The course and distribution of the 
prineipal nerves of the upper limb 


The nerves of the upper limb are derived from the braehial plexus. 


The axillary nerve 

The axillary (circumflex) nerve (C5,6) arises from the posterior eord of the 
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plexus and winds round the surgical neek of the humerus in eompany with 
the posterior circum£lex humeral vessels (Figs 122,141). Its branehes are: 

• muscular—to deltoid and teres minor; 

• cutaneous—to a palm-sized area of skin over the deltoid. 

The axillary nerve may be injured in fraetnres of the hnmeral neek or in 
disloeations of the shonlder. This will be followed by weakness of shonlder 
abduction, wasting of the deltoid and a small pateh of anaesthesia over this 
muscle. 


Fig. 140 The segmental 
cutaneous innervation of 
the body. 


The radìal nerve 

The radial nerve (C5, 6, 7, 8, Tl) is the main braneh of the posterior eord. 
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Fig. 141 The distribution 
of the radial nerve. 
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Lying first behind the axillary artery it then passes backwards between the 
long and medial heads of the trieeps to lie in the spiral groove on the baek of 
the humerus between the medial and lateral heads of trieeps (Fig. 141). The 
profnnda braneh of the braehial artery and its venae eomitantes aeeompany 
the nerve in this part of its course (Fig. 122). 

At the lower third of the humerus, the radial nerve pierees the lateral 
intermuscular septum to re-enter the anterior eompartment of the arm 
between braehialis and braehioradialis (a eonvenient site for snrgieal expo- 
sure, Fig. 137). At the level of the lateral epieondyle its important posterior 
interosseoiis nerve is given off, which winds round the radius within the 
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supinator muscle then sprays out to be distributed to the extensor muscles 
of the forearm. 

The radial nerve itself continues as the superficial radial nerve, lying 
deep to braehioradialis (Fig. 137). Above the wrish it emerges posteriorly 
from beneath this muscle to end by dividing into cutaneous nerves to the 
posterior aspeets of the radial 3^ digits. 


Branehes 

The radial nerve is the nerve of supply to the extensor aspeet of the upper 
limb. The main trnnk itself innervates: trieeps, anconeus, braehioradialis 
and extensor earpi radialis longus. It also gives a twig to the lateral part of 
braehialis. 

The posterior interosseous braneh snpplies all the remaining extensor 
muscles of the forearm together with the supinator and abdnetor pollieis 
longus. 

Cutaneous branehes are distribnted to the baek of the arm, forearm and 
radial side of the dorsum of the hand. So great is the overlap from adjaeent 
nerves, however, that division of the radial nerve resnlts, snrprisingly in 
only a small area of anaesthesia over the dorsum of the hand, in the web 
between the thumb and index finger (Fig. 144a). 

The musculocutaneous nerve 

The musculocutaneous nerve (C5, 6,7) eontinnes on from the lateral eord of 
the plexus. It pierees eoraeobraehialis then runs between bieeps and 
braehialis (supplying all these three muscles) to innervate, by its terminal 
cutaneous braneh, now termed the lateral cutaneous nerve of the forearm, 
the skin of the lateral forearm. 


The ulnar nerve 

The ulnar nerve (C(7), 8, Tl; Fig. 142) is formed from the medial eord of the 
plexus. It lies medial to the axillary and braehial artery as far as the middle 
of the humerus, then pierees the medial intermuscular septum (in eompany 
with the snperior ulnar eollateral artery) to deseend on the anterior faee of 
trieeps. It passes behind the medial epieondyle (where it ean readily be 
rolled against the bone), to enter the forearm (Fig. 122). Here it deseends 
beneath flexor earpi nlnaris until this muscle thins out into its tendon, 
leaving the nerve to lie snperfieially on its radial side. In the distal two- 
thirds of the forearm the nerve is aeeompanied by the ulnar artery which 
lies on the nerve's radial side. About 2 in (5 em) above the wrish a dorsal 
cutaneous braneh passes deep to flexor earpi ulnaris to supply the dorsal 
aspeets of the ulnar l^ fingers and the dorsal aspeet or the ulnar side of the 
hand (Fig. 143). 

The ulnar nerve erosses the flexor retinaculum superficially (Fig. 137) to 
break up into a snperfieial terminal braneh, snpplying the ulnar l^ fingers, 
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Fig. 142 Disseetion of the upper arm to show the course of the major nerves. 


and a deep terminal braneh which snpplies the hypothenar mnseles and 
the intrinsie mnseles of the hand. 

Its branehes are: 

• muscular—to £lexor earpi ulnaris, medial half of £lexor digitornm pro- 
fundus, the hypothenar muscles, the interossei, 3rd and 4th inmbrieals and 
the adductor pollieis (i.e. it supplies all the intrinsie mnseles of the hand 
apart from those o£ the thenar eminenee and the Ist and 2nd lumbricals, 
which are innervated by the median nerve); 

• cutaneous—to the ulnar side o£ both aspeets o£ the hand and both sur- 
faees o£ the ulnar fingers. 


The median nerve 

The median nerve {C6, 7, 8, Tl; Fig. 142) arises by the jnnetion o£ a braneh 
from the medial and another from the lateral eord o£ the plexus, which 
unite anterior to the third part o£ the axillary artery. Continuing along the 
lateral aspeet of the braehial artery the nerve then erosses super£icially 
(oeeasionally deep) to the artery at the mid-humerus to lie on its medial 
side. The nerve enters the forearm between the heads o£ pronator teres, the 
deeper of which separates it from the ulnar artery (Fig. 137). Here the nerve 
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(a) 





Fig. 143 The usual cutaneous distribution (shown in pale blue) of the (a) median, 

(b) ulnar and (c) radial nerves in the hand (eonsiderable variations and overlap 
occur). 

gives off its anterior interosseons hraneh (which supplies £lexor pollieis 
longus, £lexor digitorum pro£undus to the index and middle fingers, and 
pronator quadratus), and then lies on the deep aspeet o£ £lexor digitornm 
snperfìeialis, to which it adheres. 

At the wrisfì the median nerve beeomes super£icial on the ulnar side o£ 
£lexor earpi radialis, exactly in the midline (Fig. 116). Here it gives o££ a 
palmar cutaneous hraneh, which snpplies the skin o£ the midpalm. It then 
passes deep to the £lexor retinaculum, giving o££ an important braneh to the 
thenar mnseles beyond the distal skin erease, twigs to the radial two lum- 
brieals and cutaneous branehes to the palmar aspeets o£ the radial 3^ digits. 
Its branehes are: 

• muscular—to all the muscles o£ the £lexor aspeets o£ the torearm, apart 
£rom the £lexor earpi ulnaris and the ulnar hal£ o£ £lexor digitornm pro£un- 
dus, and to the thenar eminenee mnseles and the radial two inmbrieals; 

• cutaneous—to the skin o£ the radial side o£ the palm, the palmar, and a 
variable degree o£ the dorsal, aspeet o£ the radial 3^ digits. 
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Note that there is eonsiderable variation in the exact cutaneous distribu- 
tion of the nerves in the hand; for example, the ulnar nerve may eneroaeh 
on median territory and supply the whole of the 4th and 5th digits 
(Fig. 143). 


The anatomy of 
upper límb deformities 


Many deformities of the upper limb, particularly those resulting from 
nerve injnries, are readily interpreted anatomieally. 

Braehial plexus injiiries may occur from traetion on the arm during birth. 
The foree of downward traetion falls upon roots C5 and 6, resnlting in 
paralysis of the deltoid and short muscles of the shoulder, and of braehialis 
and bieeps which flex and snpinate at the elbow. The arm, therefore, hangs 
limply by the side with the forearm pronated and the palm faeing baek- 
wards, like a porter hinting for a tip {Erb~Duchenne paralysis). In adults this 
lesion is seen in violent falls on the side of the head and shonlder foreing 
the two apart and thus putting a tearing strain on the upper roots of the 
plexus. 

Upward traetion on the arm (e.g. in a foreible breeeh delivery) may tear 
the lowest root, Tl, which is the segmental supply of the intrinsie hand 
muscles. The hand assnmes a clawed appearanee beeanse of the unop- 
posed aetion of the long flexors and extensors of the fingers; the extensors, 
inserting into the bases of the proximal phalanges, extend the m/p joints 
while the flexor profundus and sublimis, inserting into the distal and 
middle phalanges, flex the i/p joints (Kliimpke's paralysis). There is often an 
assoeiated Horner's synàrome (ptosis and eonstrietion of the pupil), due to 
traetion on the eervieal sympathetie ehain. 

A mass of malignant supraclavicular lymph nodes or the direet inva- 
sion of a pnlmonary eareinoma (Paneoast's syndrome) may prodnee a similar 
nenrologieal piehire by involvement of the lowest root of the plexus. 

Not infrequently the lower tnmk of the plexus (C8, Tl) is pressed upon 
by a eervieal rib, or by the fibrons strand rnnning from the extremity of such 
a rib, resulting in paraesthesiae along the ulnar border of the arm and 
weakness and wasting of the small mnseles of the hand. 

The radial nerve may be injnred in the axilla by the pressure of a crutch 
('crutch palsy') or may be eompressed when a drnnkard falls into an intoxi- 
eated sleep with the arm hanging over the baek of a ehair ('Satnrday night 
palsy'). Fraetnres of the humeral shaft may damage the main radial nerve, 
whereas its posterior interosseous braneh, to the extensor mnseles of the 
forearm, may be injnred in fractures or disloeations of the radial head. An 
ill-plaeed ineision to expose the head of the radius taken more than three 
fingers' breadth below the head will divide the nerve as it lies in the supina- 
tor muscle. 
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Fig. 144 Deformities of 
the hand. (a) Radial palsy 
—wrist drop. (b) Ulnar 
nerve palsy—'main en 
griffe' or claw hand. 

(c) Median nerve palsy— 
'monkey's hand'. 

(d) Volkmann's 
eontraetnre—another 
claw hand deformity. The 
pale blue areas represent 
the usual distribution of 
anaesthesia. 


Damage to the main tmnk of the radial nerve resnlts in a zvrist drop due 
to paralysis of all the wrist extensors (Fig. 144). Damage to the posterior 
interosseons nerve, however, leaves extensor earpi radialis longns intaeh as 
it is snpplied from the radial nerve above its division; this muscle alone is 
sufficiently powerful to maintain extension of the wrist. 

The disability produced by a wrist drop is inability to grip firmly sinee, 
unless the flexor mnseles are stretehed by extending the wrisb they aet at a 
meehanieal disadvantage. Try yourself to grip strongly with the wrist 
flexed and realize how, by operative fusion of the wrist joint in extension, 
the weakness produced by a radial nerve paralysis would be overeome. 

Nerve overlap means that division of the radial nerve produces only a 
small area of anaesthesia of the dorsum of the hand between the Ist and 
2nd metaearpals. 
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The nlnar nerve, in its vnlnerable position behind the medial epieondyle 
of the humerus, may be damaged in fraetnres or disloeations of the elbow; it 
is also frequently divided in laeerations of the wrist. In the latter ease, all the 
intrinsie muscles of the fingers (apart from the radial two inmbrieals) are 
paralysed so that the hand assnmes the clawed position already deseribed 
under Klnmpke's palsy (Fig. 144). The clawing is slightly less intense in the 
2nd and 3rd digits beeanse of their intaet inmbrieals, snpplied by the 
median nerve. In late eases^ wastmg of the interossei is readily seen on 
inspeeting the dorsum of the hand. Sensory loss over the ulnar fingers is 
present. 

If the nerve is injnred at the elbow, the flexor digitornm profundus to 
the 4th and 5th fingers is paralysed so that the clawing of these two fingers 
is less intense than in division at the wrist. Paralysis of the flexor earpi 
nlnaris resnlts in a tendeney to radial deviation of the wrist. 

Division of the ulnar nerve leaves a snrprisingly effieient hand. The 
long flexors enable a good grip to be taken; the thumb, apart from loss of 
adductor pollieis, is intaet and sensation over the palm of the hand is 
largely maintained. Indeed, it may be diffienlt to determine elinieally 
with eertainty that the nerve is injnred; a reliable test is loss of ability to 
adduct and abduct the fingers with the hand laid flat, palm downwards 
on the table; this eliminates 'triek' movements of addnetion and abduc- 
tion of the fingers bronght about as part of their flexion and extension 
respeetively. 

The median nerve is oeeasionally damaged in snpraeondylar fraetnres 
but it is in greatest danger in laeerations of the wrist. 

If divided at the wrish only the thenar mnseles (excluding addnetor pol- 
lieis) and the radial two inmbrieals are paralysed and wasting of the thenar 
mnseles occurs. The best elinieal test for this is to ask the patient, with his 
hand resting palm upwards on the table, to touch a peneil held above the 
thumb. Failure to be able to do this, (abduction), is diagnostie of paralysis of 
abductor pollieis brevis. It might be thought that such a lesion is relatively 
trivial sinee the only motor defeet is loss of aeenrate opposition movement 
of the thumb to other fingers. In point of faet this injury is a serious disabil- 
ity because of the loss of sensation over the thumb, adjaeent 2| fingers and 
the radial two-thirds of the palm of the hand, which prevents the aeenrate 
and delieate adjnstments the hand makes in response to taetile stimnli 
(Fig. 144). 

If the median nerve is divided at the elbow, there is serions muscle 
impairment. Pronation of the forearm is lost and is replaeed by a triek 
movement of rotation of the upper arm. Wrist flexion is weak and aeeompa- 
nied by ulnar deviation, sinee this now depends on the flexor earpi nlnaris 
and the ulnar half of flexor digitornm profundus. 

Volkmann's eontraetiire of the hand follows isehaemia and subsequent 
fibrosis and eontraetion of the long flexor and extensor mnseles of the 
forearm (Fig. 144). 

The deformities are readily explamed as follows: 

1 Sinee the flexors of the wrist are bnlkier than the extensors, their fibrons 
eontraetion is greater and the wrist is therefore flexed. 
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2 The long extensors of the fingers are inserted into the proximal 
phalanges; their eontraetnre extends the m/p joints. 

3 The long flexors are inserted into the distal and middle phalanges and 
therefore flex the i/ p joints. 

There is, therefore, flexion at the wrish extension at the m/p and flexion 
atthei/pjoints. 

If the wrist is passively fnrther flexed by the examiner, the tight flexor 
tendons are somewhat relaxed and therefore the fingers beeome a little less 
clawed. 

Diipnytren's eontraetme resnlts from a fibrons eontraetion of the palmar 
aponenrosis, partienlarly of the 4th and 5th fingers. 

The palmar aponenrosis is merely part of the deep faseial sheath of the 
npper limb; it passes from the palm along either side of eaeh finger, blends 
with the fibrons flexor sheath of the fingers and is attaehed to the sides of 
the proximal and middle phalanges. Contracture of this faseia resnlts in a 
longitndinal thiekening in the palm together with flexion of the m/p and 
proximal i/p joints. However, the distal i/p joints are not involved and, in 
faeh in an advaneed ease, are aehially extended by the distal phalanx being 
pushed backwards against the palm of the hand. 


The spaees of the hand 


The spaees of the hand are of praetieal signifieanee beeanse they may 
beeome infeeted and, in consequence, beeome distended with pus. The 
important spaees are: 

1 the snperfieial pulp spaees of the fingers; 

2 the synovial tendon sheaths of the 2nd, 3rd and 4th fingers; 

3 the ulnar bursa; 

4 the radial bursa; 

5 the midpalmar spaee; 

6 the thenar spaee. 

The superficial pulp spaee of the fingers 

(Fig. 145) 

The tips of the fingers and thumb are eomposed entirely of subcutaneous 
fat broken up and paeked between fibrons septa, which pass from the skin 
down to the periostenm of the terminal phalanx. The tight paeking of this 
eompartment is responsible for the severe pain of a 'septie finger'—there is 
little room for the expansion of inflamed and oedematons tissnes. 

The blood vessels to the shaft of the distal phalanx must traverse this 
spaee and may beeome thrombosed in a severe pulp infeetion with result- 
ing neerosis of the diaphysis of the bone. The base of the distal phalanx 
reeeives its blood supply more proximally from a braneh of the digital 
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Fig. 145 The distal pulp spaee of the finger—note the distribution of the arterial 
supply to the distal phalanx. 


artery in the middle segment of the finger and therefore snrvives. At eaeh of 
the skin ereases of the fingers, the skin is bonnd down to the nnderlying 
£lexor sheath so that the pulp over eaeh phalanx is in a separate eompart- 
ment cut off from its neighbours. infeetion may, howevey traek from one 
spaee to another along the neurovascular digital bundles. 

Over the palm of the hand there is very little subcutaneous tissue, the 
skin adhering to the nnderlying palmar aponenrosis; in eontrast, the skin of 
the dorsum of the fingers and hand is loose and fluid ean, therefore, readily 
eolleet beneath it. LJnless this is remembered^ the marked dorsal oedema 
which may aeeompany sepsis of the palmar aspeet of the fingers or hand 
may result in the primary site of the infeetion being overlooked. 

The ulnar and radial bursae and the synovìal 
tendon sheaths of the fingers (Fig. i46) 

The £lexor tendons traverse a fibro-osseous timnel in eaeh digit. This tunnel 
is made up posteriorly by the metaearpal head, the phalanges and the 
fronts of the intervening joints. The anterior fibrous part eonsists of eon- 
densed deep faseia attaehed to the sharp anterolateral margin of eaeh 
phalanx and termed the fibroiLS flexor sheath. This is particularly tough over 
the phalanges but loose over the front of eaeh joint; it therefore holds the 
flexor tendons in plaee without 'bow-stringing' during flexion of the 
fingers, but does not impede movement of the joints. 

Distally the fibrous sheath ends at the insertion of the profimdns 
tendon (or £lexor pollieis longus tendon in the ease of the thumb) at the base 
of the distal phalanx. 

These fibrons sheaths are lined by synovial membrane which is 
refleeted around eaeh tendon. The tendons of the 2nd, 3rd and 4th fingers 
have synovial sheaths which are elosed off proximally at the metaearpal 
head, but the synovial sheaths of the thumb and little finger extend proxi- 
mally into the palm. 

That of the long £lexor tendon of the thumb extends through the palm, 
deep to the £lexor retinaculum, to about 1 in (2.5 em) proximal to the wrist 
and is termed the radial biirsa. The synovial sheath of the 5th finger eontin- 
ues as the iilnar bnrsa, an expanded synovial sheath which eneloses all the 
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Fig. 146 The synovial 
sheaths of the flexor 
tendons of the hand—the 
radial and ulnar bursae 
traek proximally deep to 
the flexor retinaculum 
and provide a potential 
pathvvay of infeetion into 
the forearm. In many 
eases these bursae 
communicate. 


finger tendons in the palm and which also extends proximally below the 
£lexor retinaculum for 1 in (2.5 em) above the wrist. In about 50% of eases 
the radial and ulnar bursae communicate. These synovial sheaths may 
beeome infeeted either direetly—for example, following the entry of a splin- 
ter—or may be seeondarily involved from a negleeted pulp-space infeetion. 
infeetion of the 2nd, 3rd and 4th sheaths are eonfined to the finger eon- 
eerned, but sepsis in the Ist and 5th sheaths may spread proximally into 
the palm throngh the radial and ulnar bursa respeetively and may pass 
from one bursa to the other via the frequent cross-communication between 
the two. 

Sinee these bursae both extend proximally beyond the wrish infeetion 
may on oeeasion, spread into the forearm. 

Two spaees deep in the palm of the hand may rarely beeome distended 
with pus; these are the midpalmar and thenar spaees (Fig. 147). 

The midpalmar spaee lies behind the flexor tendons and ulnar bursa in 
the palm and in front of the 3rd, 4th and 5th metaearpals with their attaehed 
interossei. The Ist and 2nd metaearpals are enrtained off from this spaee by 
the addnetor pollieis, which arises from the shaft of the 3rd metaearpal and 
passes as a triangnlar sheet to the base of the proximal phalanx of the 
thumb. 

The thenar spaee is the spaee superficial to the 2nd and 3rd metaearpals 
and the addnetor pollieis. It is separated from the midpalmar spaee by a 
fibrons partition. 
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Fig. 147 The midpalmar 
and thenar spaees: 

(a) projeeted on to the 
snrfaee of the hand and 

(b) in transverse seetion. 



Thenar 


Addaetor pollieís 


infeetion of these two spaees sometimes resnlts from penetrating 
wounds or may be due to seeondary involvement from a long-negleeted 
tendon sheath infeetion. Nowadays they are fortnnately extremely 
rare, thanks to antibiotie treatment and the early snrgieal drainage of pus 
eolleetions. 










Part 4 

The Lower Limb 





The anatomy and snrfaee 
markíngs of the lower limb 


Bones and joìnts 

The tip of the anterior snperior spine of the ilhim is easily felt and may be 
visible in the thin snbjeet. The greater troehanter of the femnr lies a hand's 
breadth below the iliae erest; it is best palpated with the hip abdneted so 
that the overlying hip abdnetors (tensor faseiae latae and glntens medins 
and minimns) are relaxed. In the very thin, wasted patient the greater 
troehanter may be seen as a prominent bnlge and its overlying skin is a 
eommon site for a pressnre sore to form in such a ease. 

The isehial tnberosity is eovered by gluteus maximus when one stands. In 
the sitting position, however, the muscle slips away laterally so that weight 
is taken direetly on the bone. To palpate this bony poinh therefore, feel for it 
nneovered by gluteus maximus in the flexed position of the hip. 

At the knee, the patella forms a prominent landmark. When quadriceps 
femoris is relaxed^ this bone is freely mobile from side to side; note that this 
is so when you stand ereet. The eondyles of the femur and tibia, the head ofthe 
fihida and the joint line of the knee are all readily palpable; less so is the 
addnetor tiiberele of the femur^ best identified by rnnning the fingers down 
the medial side of the thigh until they are halted by it, the first bony promi- 
nenee so to be eneonntered. 

The tibia ean be felt throughout its course along its anterior subcuta- 
neous border from the tibial tiiberosity ahove, which marks the insertion of 
the quadriceps tendon, to the medial malleolns at the ankle. The fibnla is sub- 
cutaneous for its terminal 3in (7cm) above the lateral malleolns, which 
extends more distally than the stnmpier medial malleolns of the tibia. 

Immediately in front of the malleoli ean be felt a bloek of bone which is 
the head ofthe talns. 

The tiiberosity ofthe navieidar stands out as a bony prominenee lin (2.5 
em) in front of the medial malleolns; it is the prineipal point of insertion of 
tibialis posterior. The base of the 5th metatarsal is easily felt on the lateral 
side of the foot and is the site of insertion of peronens brevis. 

If the ealeanens {os ealeis) is earefnlly palpated, the peroneal tnberele ean be 
felt 1 in (2.5 em) beIow the tip of the lateral malleolns and the snstentaeidnm 
tali 1 in (2.5 em) beIow the medial malleolns; these represent pnlleys respee- 
tively for peronens Iongus and for flexor hallneis longus. 

Bursae of the lower limb 

A number of these bony prominenees are assoeiated with overlying bursae 
which may beeome distended and inflamed: the one over the isehial 
tnberosity may enlarge with too much sitting ('weaver's bottom'); that 
in front of the patella is affeeted by prolonged kneeling forwards, as in 
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sembbing floors or hewing eoal ('honsemaid's knee', the 'beat knee' of 
north-country miners, or prepatellar bnrsitis); whereas the bursa over the 
ligamenhim patellae is involved by years of kneeling in a more ereet 
position—as in praying ('elergyman's knee' or infrapatellar bnrsitis). 
Young women who affeet fashionable but tight shoes are prone to bnrsitis 
over the insertion of the tendo Aehillis into the ealeanens and may also 
develop bursae over the navicular hiberosity and dorsal aspeets of the 
phalanges. 

A 'bunion' is a thiekened bursa on the inner aspeet of the first metatarsal 
head, usually assoeiated with hallux valgus deformity. Note that this is an 
adventitial bursa; it is not present in normal snbjeets. 

IVIensuratìon in the lower limb 

Measurement is an important part of the elinieal examination of the lower 
limb. Unfortunately stndents find diffienlty in earrying this out accurately 
and still greater difficulty in explaining the results they obtain, yet this is 
nothing more or less than a simple exercise in applied anatomy. 

First note the differenees between real and apparent shortening of the 
lower limbs. Real shortening is due to aehial loss of bone length — for 
example, where a femoral fraehire has united with a good deal of overrid- 
ing of the two fragments. Apparent shortening is due to afixed deformity of 
the limb (Fig. 148). Stand up and flex your knee and hip on one side, 
imagine these are both ankylosed at 90° and note thafl although there is no 
loss of tissue in this leg, it is apparently some 2ft (60 em) shorter than its 
partner. 



Umbilicus to 
medial malleolos 


Fig. 148 Apparent 
shortening—one limb 
may be apparently 
shorter than the other 
because of fixed 
deformity; the legs in this 
illustration are actually 
equal in length but the 
right is apparently 
eonsiderably shorter 
because of a gross flexion 
contracture at the hip. 
Apparent shortening is 
measured by eomparing 
the distanee from the 
umbilicus to the medial 
malleolus on eaeh side. 
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Fig. 149 Measuring 
real shortening—the 
patient lies with the 
pelvis 'square' and 
the legs plaeed 
symmetrieally. 
Measurement is 
made from the 
anterior superior 
spine to the medial 
malleolus on eaeh 
side. 



Anterior superior ihae spine 
to medidl malleolus 


If there is a fixed pelvie tilt or fixed joint deformity in one limb, there 
may be this apparent differenee between the lengths of the two legs. By 
experimenting on yonrself you will find that adduction apparently short- 
ens the leg, whereas it is apparently lengthened in abdnetion. 

To measnre the real length of the limbs (Fig. 149), overeome any dispar- 
ity due to fixed deformity by puttmg both legs into exactly the same posi- 
tion; where there is no joint fbeation, this means that the patient lies with his 
pelvis 'square', his legs abducted symmetrieally and both lying flat on the 
couch. If, however, one hip is in 60° of fixed £lexion, for example, the other 
hip must first be put into this identieal position. The length of eaeh limb is 
then measured from the anterior snperior iliae spine to the medial malleo- 
lus. In order to obtain identieal points on eaeh side, slide the finger upwards 
along Ponpart's ingninal ligament and mark the bony point first encoun- 
tered by the finger. Similarly, slide the finger upwards from just distal to the 
malleolus to determine the apex of this landmark on eaeh side. 

To determine apparent shortening, the patient lies with his legs parallel 
(as they would be when he stands ereet) and the distanee from umbilicus to 
eaeh medial malleolus is measured (Fig. 148). 

Now suppose we find 4in (10 em) of apparent shortening and 
2in (5cm) of real shortening of the limb; we interpret this as meaning 
that 2in (5cm) of the shortening is due to true loss of limb length and 
another 2 in (5 em) is due to fixed postural deformity. 

If the apparent shortening is less than the real, this ean only mean that 
the hip has ankylosed in the abdneted, and henee apparently elongated, 
position. 

Note this important point: one reason why the orthopaedie surgeon 
immobilizes a tuberculous hip in the abdneted position is that, when the 
hip beeomes ankylosed, shortening due to actual destruction at the hip (i.e. 
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Anterior superior 
itiae spine 


isehial tuberosity 



Anterior superior 
iliae spine 


Greater 

troehanter 


(a) Nelaton’s line 


(b) Bryant's triangle 


Fig. 150 (a) Nelaton's 
line joins the anterior 
snperior iliae spine to 
the ìsehial tiiberosity— 
normally this passes 
above the greater 
troehanter. (b) Bryant's 
triangle—drop a vertieal 
from eaeh snperior spine; 
eompare the 
perpendienlar distanee 
from this line to the 
greater troehanter on 
either side. (There is no 
need to eomplete the 
third side of the triangle.) 


tme shortening) will be eompensated, to a eonsiderable extent, by the 
apparent lengthening prodneed by the fixed abdnetion. 

Having established that there is real shortening present, the examiner 
must then determine whether this is at the hip, the femur or the tibia, or at a 
eombination of these sites. 


Atthe hip 

Plaee the thumb on the anterior snperior spine and the index finger on the 
greater troehanter on eaeh side; a glanee is snffieient to tell if there is any dif- 
ferenee between the two sides. 

Examiners may still ask about Nelaton's line and Bryant's triangle 
(Fig. 150). 

Nelaton's line joins the anterior snperior iliae spine to the isehial tnberos- 
ity and should normally lie above the greater troehanter; if the line passes 
throngh or below the troehanter, there is shortening at the head or neek of 
the femur. 

Bryant's triangle might better be ealled 'Bryant's T' beeanse it is not nee- 
essary to eonstmet all of its three sides. With the patient supine, a perpen- 
dicular is dropped from eaeh anterior snperior spine and the distanee 
between this line and the greater troehanter eompared on eaeh side. (The 
third side of the triangle, joining the troehanter to the anterior spine, need 
never be eompleted.) 

Atthe femur 

Measnre the distanee from the anterior snperior spine (if hip disease 
has been exduded) or from the greater troehanter to the line of the knee 
joint (not to the patella, whose height ean be varied by eontraetion of the 
quadriceps). 
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Atthetibia 

Compare the distanee from the line of the knee joint to the medial malleolns 
on eaeh side. 

IVIuscles and tendons 

Quadriceps femoris forms the prominent mnsele mass on the anterior aspeet 
of the thigh; its insertion into the medial aspeet of the patella ean be seen to 
extend more distally than on the lateral side. In the well-developed snbjeeh 
sartoriiis ean be defined when the hip is flexed and externally rotated 
against resistanee. It extends from the anterior snperior iliae spine to the 
medial side of the npper end of the tibia and, as the lateral border of the 
femoral triangle; it is an important landmark. 

Gluteus maximus forms the bulk of the buttock and ean be felt to eontraet 
in extension of the hip. 

Gluteus medius and minimns and the addiietors ean be felt to tighten 
respeetively in resisted abdnetion and addnetion of the hip. 

Define the tendons around the knee with this joint eomfortably flexed in 
the sitting position: 

• laterally—the hieeps tendon passes to the head of the fibula, the iliotihial 
traet lies about 0.5 in (12 mm) in front of this tendon and passes to the lateral 
eondyle of the tibia; 

• medially—the bulge which one feels is the semimemhranosns insertion on 
which two tendons, semitendinosns laterally and graeilis medially and more 
anteriorly, are readily palpable. 

Between the tendons of bieeps and semitendinosns ean be felt the heads 
of origin of gastroenemiiis. This muscle, with soleus, forms the bulk of the 
posterior bulge of the ealf; the two end distally in the tendo Aehillis 
(ealeaneal tendon). 

At the front of the ankle (Fig. 151) the tendon of tihialis anterior lies 
most medially passing to its insertion at the base of the first metatarsal and 
the medial enneiform. More laterally the tendons of extensor hallneis longns 
and extensor digitornm longus are readily visible in the dorsiflexed foot. Per- 
oneus longus and hrevis tendons pass behind the lateral malleolns. Behind 
the medial malleolns, from the medial to the lateral side, pass the tendons 
of tihialis posterior and flexor digitorum longiis, the posterior tihial artery 
with its venae eomitantes, the tihial nerve and, finally flexor hallneis longns 
(Fig. 152). 

Vessels 

The femoral artery (Fig. 153) eanbe felt pnlsating at the mid-inguinal poinh 
half-way between the anterior snperior iliae spine and the pubic symph- 
ysis. The upper two-thirds of a line joining this point to the addnetor tuber- 
ele, with the hip somewhat flexed and externally rotated, aeenrately defines 
the snrfaee markings of this vessel. A finger on the femoral pulse lies 
direetly over the head of the femuy immediately lateral to the femoral vein 
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Peroneus brevis 


Perforating braneh 
of peroneai artery 


Extensor diaitorym 


iiq 

longus ana brevis 


PeroneustertÌus 



Anterior tibial artery 


^_Superior and inferior 

extensor retinacula 


Dorsaiís pedis artery 


Tibialis anterior 

Extensor hallucis 
longus and brevis 


Fig. 151 The 
structures passing 
over the dorsum of the 
ankle. 



Posterior tibial 


Vein 
Nerve 
Artery 


Flexor digitorum longus 


Medial maileotus 


Tendo Aehillis 

Flexor hallucis 
longus 


retinaculum 


Tibialis posterìor 


Abductor hallucis 


Fig. 152 The structures passing behind the medial malleolus. 



































my and surface markings of the lower limb 


213 


Anterior superior iliae spine 



lnguinal ligament 


Midline 


Femoral artery 


Adductor hiatus in 
adductor magnus 

Popliteal artery 

Adductor tubercle 


Fig. 153 The snrfaee markings of the femoral artery; the upper two-thirds of a line 
joining the mid-inguinal point (halfway between the anterior superior iliae spine 
and the symphysis pubis), to the adductor tubercle. 


(henee the termination of the great saphenons vein) and a finger's breadth 
medial to the femoral nerve. 

The pnlse of the popliteal artery is often not easy to deteet. It is most 
readily felt with the patient prone, his knee £lexed and his mnseles relaxed 
by resting the leg on the examiner's arm. The pulse is sought by firm pres- 
sure downwards against the popliteal fossa of the femur. 

The pulse of dorsalis pedis (Fig. 151) is felt between the tendons of exten- 
sor hallneis longus and extensor digitornm on the dorsum of the foot—it is 
absent in about 2% of normal snbjeets. The posterior tibial artery (Fig. 152) 
may be felt a finger's breadth below and behind the medial malleolns. In 
about 1% of healthy subjects this artery is replaeed by the peroneal artery. 

The absenee of one or both pulses at the ankle is not, therefore, in itself 
diagnostie of vasenlar disease. 

The small (or short) sapìienous vein eommenees as a eontinnation of the 
veins on the lateral side of the dorsum of the foot, runs proximally behind 
the lateral malleolns, and terminates by draining into the popliteal vein 
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Great saphenoas vein 


Medial ma)leolus 


Fig. 154 The relationship 
of the great (long) 
saphenons vein to the 
medial malleolns. 


behind the knee. The great (or long) saphenoiis vein arises from the medial 
side of the dorsal network of veins, passes upwards in front of the medial 
malleolns, with the saphenous nerve anterior to it, to enter the femoral vein 
in the groin, one ineh below the ingninal ligament and immediately medial 
to the femoral pulse. 

These veins are readily stndied in any patient with extensive varieose 
veins and are usually visible, in their lower part, in the thin normal snbjeet 
on standing. (The word 'saphenous' is derived from the Greek for 'elear'.) 

From the praetieal point of view, the position of the long saphenous 
vein immediately in front of the medial malleolns is perhaps the most 
important single anatomieal relationship; no matter how eollapsed or 
obese, or how young and tiny the patienh the vein ean be relied upon to be 
available at this site when nrgently required for transfusion pnrposes 
(Fig. 154). 

Nerves 

Only one nerve ean be felt in the lower limb; this is the eommon peroneal 
(fihiilar) nerve which ean be rolled against the bone as it winds round the 
neek of the fibula (Fig. 155). Not unnaturally it may be injured at this site in 
adduction injnries to the knee or eompressed by a tight plaster east or firm 
bandage, with a resnltant foot drop. 

TYve femoral nerve emerges from under the ingninal ligament 0.5 in (12 
mm) lateral to the femoral pulse. After a course of only about 2 in (5 em) the 
nerve breaks up into its terminal branehes. 

The snrfaee markings of the seiatie nerve (Fig. 156) eanbe represented by 
a line which eommenees at a point midway between the posterior snperior 
iliae spine (identified by the overlying easily visible saeral dimple) and 
the isehial tnberosity curves outwards and downwards throngh a point 
midway between the greater troehanter and isehial tnberosity and then 
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Fig. 155 Theelose 
relationship of the 
eommon peroneal nerve 
to the neek of the fibnla; 
at this site it may be 
eompressed by a tight 
bandage or plaster east. 


Lateral eollateral 
ligament 


Bíeeps tendon 

Common peroneal 

nerve 


Syperfieial peroneal 

nerve 



Deep peroneal 
nerve 


Fig. 156 The sarfaee 
markings of the seiatie 
nerve. Join the midpoint 
between the isehial 
tnberosity and posterior 
saperior iliae spine to the 
midpoint between the 
isehial tnberosity and the 
greater troehanter by a 
curved line; continue this 
line vertieally down the 
leg—it represents the 
course of the seiatie 
nerve. 



Seiatie nerve 


Greater troehanter 


Posterior superior 
iliae spine 


isehial taberosíty 


continues vertieally downwards in the midline of the posterior aspeet 
of the thigh. The nerve ends at a variable point above the popliteal fossa by 
dividing into the tihial and eommon peroneal nerves respeetively. 

It would seem ineoneeivable that a nerve with such eonstant and well- 
defined landmarks could be damaged by intramuscular injeetions, yet this 
has happened so frequently that it has seriously been proposed that this site 
should be prohibited. The explanation is, I believe, a psyehologieal one. The 
standard adviee is to employ the upper outer quadrant of the buttock for 
these injeetions, and when the full anatomieal extent of the bnttoek — 
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Fig. 157 The 'safe area' 
for injeetions in the 
bnttoek. 


extending upwards to the iliae erest and outwards to the greater troehanter 
—is implied, perfeetly sound and safe adviee this is. Many nurses, however, 
have an entirely different mental pietnre of the bnttoek; a much smaller and 
more aesthetie affair eomprising merely the hilloek of the natus. An injee- 
tion into the upper outer quadrant of this diminutive structure lies in the 
immediate area of the seiatie nerve! 

A better snrfaee marking for the 'safe area' of bnttoek injeetions ean be 
defined as that area which lies under the outstretched hand when the 
thumb and thenar eminenee are plaeed along the iliae erest with the tip of 
the thumb touching the anterior snperior iliae spine (Fig. 157). 


The bones and joínts of 
the lower límb 


The os innomìnatom 

See The pelvis', pages 124-32. 

The f emur (Figs i58 and 159 ) 

The femur is the largest bone in the body. It is 18 in (45 em) in length, a mea- 
snrement it shares with the vas, the spinal eord and the thoraeie duct and 
which is also the distanee from the teeth to the eardia of the stomaeh. 

The femoral head is two-thirds of a sphere and faees upwards, medially 
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for patella 

Fig. 158 The anterior aspeet of the right femur. 

and forwards. It is eovered with eartilage except for its eentralfovea where 
the ligamentnm teres is attaehed. 

The neek is 2 in (5 em) long and is set at an angle of 125° to the shaft. In 
the female, with her wider pelvis, the angle is smaller. 

The jnnetion between the neek and the shaft is marked anteriorly by the 
troehanterie line, laterally by the greater troehanter, medially and somewhat 
posteriorly by the lesser troehanter and posteriorly by the prominent 
troehanterie erest, which nnites the two troehanters. 

The blood snpply to the femoral head is derived from vessels travelling 
up from the diaphysis along the canceIIous bone, from vessels in the hip 
eapsnle, where this is refleeted on to the neek in longitndinal bands or 
retinaenla, and from the artery in the ligamenhim teres; this third source 
is negligible in adults, but essential in ehildren, when the femoral head is 
separated from the neek by the eartilage of the epiphyseal line (Fig. 160). 

The femoral shaft is ronghly eirenlar in seetion at its middle but is 
flattened posteriorly at eaeh extremity. Posteriorly also it is marked by a 
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Greater troehanter 
intertroehanterle erest 

Gluteal tuberosity 
Peetineal líne 


Linear aspera 


Lateral epieondyle 


Fig. 159 The posterior 
aspeet of the right femur. 



Ligamentum teres 


Capsular retínacula 


Fig. 160 The sources of 
blood supply of the 
femoral head—along the 
ligamentum teres, 
through the diaphysis 
and via the retinacula. 


strong erest, the linea aspera. Inferiorly, this erest splits into the medial and 
lateral snpraeondylar lines, leaving a flat popliteal snrfaee between them. The 
medial snpraeondylar line ends distally in the addnetor tiiberele. 

The lower end of the femnr bears the prominent eondyles which are 
separated by a deep intereondylar noteh posteriorly but which blend anteri- 
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Fig. 161 The head and 
neek of the femnr, 
showing the terminology 
of the eommon fraetnre 
sites. 


Sobeapdal 


Pertroehanterie 



_Cervical 

^Basal 


orly to form an artienlar snrfaee for the patella. The lateral eondyle is the 
more prominent of the two and aets as a bnttress to assist in preventing 
lateral displaeement of the patella. 


eiinieal features 


1 The npper end of the femur is a eommon site for fracture in the elderly. 
The neek may break immediately beneath the head (subcapital), near its 
midpoint (eervieal) or adjaeent to the troehanters (basal), or the fraehire line 
may pass between, along or just below the troehanters (Fig. 161). 

Fraetnres of the femoral neek will interrnpt eompletely the blood 
supply from the diaphysis and, should the retinacula also be torn, avascu- 
lar neerosis of the head will be inevitable. The nearer the fraetnre to the 
femoral head, the more tenuous the retinacular blood supply and the more 
likely it is to be disrnpted. 

Avasenlar neerosis of the femoral head in ehildren is seen in Perthe's 
disease and in severe slipped femoral epiphysis; both resnlting from throm- 
bosis of the artery of the ligamentnm teres. 

In eontrast, pertroehanterie fraetnres, being outside the joint eapsnle, 
leave the retinaenla undisturbed; avascular neerosis, therefore, never 
follows such injuries (Fig. 162). 

There is a curious age pattern of hip injnries; ehildren may snstain 
greenstiek fraehires of the femoral neek, sehoolboys may displaee the epi- 
physis of the femoral head, in adult life the hip disloeates and, in old age, 
fraetnre of the neek of the femur again beeomes the usual lesion. 

2 Fractures of the femoral shaft are aeeompanied by eonsiderable shorten- 
ing due to the longitudinal eontraetion of the extremely strong surrounding 
muscles. 

The proximal segment is £lexed by iliacus and psoas and abdneted by 
gluteus medius and minimns, whereas the distal segment is pulled medi- 
ally by the adductor muscles. Reduction requires powerful traetion, to 
overeome the shortening, and then manipnlation of the distal fragment into 
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Fig. 162 (a) Apertroehanterie fraetnre does not damage the retinaenlarblood 
snpply—aseptie bone neerosis does not oeenr. (b) A snbeapital fraetnre cuts off most 
of the retinacular supply to the head—aseptie bone neerosis is eommon. Note that 
the blood supply via the ligamentum teres is negligable in adult life. 


line with the proximal segment; the limb must therefore be abdneted and 
also pushed forwards by using a large pad behind the knee. 

Fractures of the lower end of the shafh immediately above the eondyles, 
are relatively rare; forhmately so, because they may be extremely difficult 
to treat sinee the small distal fragment is tilted backwards by gastroene- 
mius, the only muscle which is attaehed to it. The sharp proximal edge of 
this distal fragment may also tear the popliteal artery which lies direetly 
behind it (Fig. 163). 

3 The angle subtended by the femoral neek to the shaft may be deereased, 
producing a coxa vara deformity This may result from adduction fractures, 
slipped the femoral epiphysis or bone-softening diseases. Coxa valga, where 
the angle is inereased, is much rarer but occurs in impaeted abduction frae- 
tures. Note, however, that in ehildren the normal angle between the neek 
and shaft is about 160°. 


The patella 

The patella is a sesamoid bone, the largest in the body in the expansion of 
the quadriceps tendon, which continues from the apex of the bone as the 
ligamenhim patellae. 

The posterior snrfaee of the patella is eovered with eartilage and articu- 
lates with the two femoral eondyles by means of a larger lateral and smaller 
medial faeet. 


eiinieal features 


1 Lateral disloeation of the patella is resisted by the prominent articular 
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Abduction by 
gluteus medius 
and minimus 


Spasm of thigh 
muscles 


(a) 




(c) 


Popliteal artery 


Gastrocnemius 


Fig. 163 The deformities of femoral shaft fractures. (a) Fracture of the proximal 
shaft—the proximal fragment is flexed by iliacus and psoas and abducted by gluteus 
medius and minimns. (b) Fracture of the mid-shaft—flexion of the proximal 
fragment by iliacus and psoas. (c) Fracture of the distal shaft—the distal fragment is 
angulated backwards by gastrocnemius—the popliteal artery may be torn in this 
injury. (In all these fractures overriding of the bone ends is produced by muscle 
spasm.) 
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Vastus medialis 


Fig. 164 Faetors in the 
stability of the patella: 

(i) the medial pull of 
vastus medialis and (ii) 
the high patellar artienlar 
snrfaee of the lateral 
femoral eondyle. These 
resist the tendeney for 
lateral displaeement of 
the patella which results 
from the valgus 
angulation between the 
femur and the tibia. 


surface of the lateral femoral eondyle and by the medial pull of the 
lowermost fibres of vastus medialis which insert almost horizontally along 
the medial margin of the patella. If the lateral eondyle of the femur is under- 
developed, or if there is a eonsiderable gemi valgum (knoek-knee defor- 
mity), recurrent disloeations of the patella may occur (Fig. 164). 

2 A direet blow on the patella may split or shatter it but the fragments are 
not avnlsed beeanse the quadriceps expansion remains intaet. 

The patella may also be fraetnred transversely by violent eontraetion 
of the quadriceps — for example, in trying to stop a backward fall. In 
this ease, the tear extends outwards into the quadriceps expansion, allow- 
ing the upper bone fragment to be pulled proximally; there may be a gap 
of over 2 in (5 em) between the bone ends. Reduction is impossible by elosed 
manipulation and operative repair of the extensor expansion is imperative. 

Oeeasionally this same meehanism of sudden foreible quadriceps eon- 
traetion tears the quadriceps expansion above the patella, ruptures the liga- 
mentum patellae or avulses the tibial tubercle. 

It is interesting that following eomplete excision of the patella for a eom- 
minnted fracture, knee fnnetion and movement may return to 100% effi- 
eieney; it is diffienlt, then, to aseribe any partienlar fnnetion to this bone 
other than proteetion of the soft tissues of the knee joint anteriorly. 
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Fig. 165 The tibia and fibula. 


The tìbìa (Fig. i65) 

The upper end of the tibia is expanded into the medial and lateral eonàyìes, 
the former having the greater snrfaee area of the two. Between the eondyles 
is the intereondylar area which bears, at its waish the intereondylar eminenee, 
projeeting upwards slightly on either side as the medial and lateral inter- 
eondylar tnbereles. 
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The tnberosity of the tibia is at the upper end of the anterior border of the 
shaft and gives attaehment to the ligamentnm patellae. 

The anterior aspeet of this tnberosity is subcutaneous, only excepting 
the infrapatellar bursa immediately in front of it. 

The shaft of the tibia is triangnlar in eross-seetion, its anterior border 
and anteromedial surface being subcutaneous throughout their whole 
extent. 

The posterior snrfaee of the shaft bears a prominent oblique line at its 
upper end termed the soleal line, which not only marks the tibial origin 
of the soleus but also delimits an area above into which is inserted the 
poplitens. 

The lower end of the tibia is expanded and quadrilateral in seetion, 
bearing an additional snrfaee, the fibnlar noteh, for the lower tibiofibnlar 
joint. 

The medial malleolns projeets from the medial extremity of the bone and 
is grooved posteriorly by the tendon of tibialis posterior. 

The inferior snrfaee of the lower end of the tibia is smooth, eartilage- 
eovered and forms^ with the malleolb the upper articular surface of the 
anklejoint. 


eiinieal features 


1 The upper end of the tibial shaft is one of the most eommon sites for 
acute osteomyelitis. Fortunately the capsule of the knee joint is attaehed 
elosely around the artienlar snrfaees so that the upper extremity of the tibial 
diaphysis is extracapsular; involvement of the knee joint therefore only 
occurs in the late and negleeted ease. 

2 The shaft of the tibia is subcutaneous and improteeted anteromedially 
throughout its course and is partienlarly slender in its lower third. It is not 
snrprising that the tibia is the eommonest long bone to be fractured and to 
suffer compound injury. 

3 The extensive subcutaneous surface of the tibia makes it a delighthilly 
aeeessible donor site for bone-grafts. 


The fibula (Fig.ióó) 

The fibula serves three functions. It is: 

1 an origin for mnseles; 

2 a part of the ankle joint; 

3 a pulley for the tendons of peronens longus and brevis. 

It eomprises the head with a styloid proeess (into which is inserted the tendon 
of bieeps), the neek (around which passes the eommon peroneal nerve; Fig. 
155), the shaft and the lozoer end or lateral malleolns. The latter bears a medial 
roughened snrfaee for the lower tibiofibnlar joint, below which is the artie- 
ular faeet for the talus. A groove on the posterior aspeet of the malleolus 
lodges the tendons of peronens longus and brevis. 
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Quadrdtus femoris 
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externus 
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Acetabulum 


Psoas 

Pectineus 


Gluteus maximus 
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Gluteus medius 
and minimus 

Rectus femoris 


Fig. 166 The immediate relations of the hip joint (in diagrammatie horizontal 
seetion). 


A note on grovving ends and notrient foramina 
in the long bones 

The shaft of every long bone bears one or more nntrient foramina which are 
obliquely plaeed; this obliquity is due to unequal growth at the upper and 
lower epiphyses. The artery is obvionsly dragged in the direetion of more 
rapid growth and the direetion of slope of entry of the nntrient foramen 
therefore points azvay from the more rapid growing end of the bone. 

The direetion of growth of the long bones ean be remembered by a little 
jingle which runs: 

Trom the knee, I flee 
To the elbow, 1 grow.' 

With one exception, the epiphysis of the growing end of a long bone is 
the first to appear and last to fuse with its diaphysis; the exception is the 
epiphysis of the npper end of the fibula which, although at the growing 
end, appears after the distal epiphysis and fuses after the latter has blended 
with the shaft. 

The site of the growing end is of eonsiderable praetieal signifieanee; 
for example, if a ehild has to nndergo and above-elbow ampntation, the 
hnmeral upper epiphyseal line eontinnes to grow and the elongating bone 
may well push its way through the stump end, requiring reampntation. 

The bones of the foot 

These are best eonsidered as a fnnetional unit and are therefore dealt with 
together under The arehes of the fooT (see page 235). 
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The hìp (Figs 166,167) 


The hip is the largest joint in the body. To the snrgeon, the examiner and, 
therefore, the shident it is also the most important. 

It is a perfeet example of a ball-and-soeket joint. Its artienlar snrfaees are 
the femoral head and the horse-shoe shaped artienlar snrfaee of the aeetab- 
ulum, which is deepened by the fibroeartilaginons labnim aeetahiilare. The 
non-articular lower part of the acetabulum, the aeetahnlar noteh, is elosed off 
below by the transverse aeetahnlar ligament. From this noteh is given off the 
ligamentiim teres, passing to the fovea on the femoral head. 

The eapsnle of the hip is attaehed proximally to the margins of the aeetab- 
ulum and to the transverse aeetabnlar ligament. Distally, it is attaehed along 
the troehanterie line, the bases of the greater and lesser troehanters and, pos- 
teriorly, to the femoral neek about 0.5 in (12 mm) from the troehanterie erest. 
From this distal attaehment, eapsnlar fibres are refleeted on to the femoral 
neek as retinaeiila and provide one pathway for the blood supply to the 
femoral head (see The femurpage 216; Fig. 160). 

Note that acute osteomyelitis of the upper femoral metaphysis will 
involve the neek which is intraeapsnlar and which will therefore rapidly 
prodnee a seeondary pyogenie arthritis of the hip joint. 

Three ligaments reinforee the eapsnle: 

1 the iliofemoral (Y-shaped ligament of Bigelow) — which arises from the 
anterior inferior iliae spine, bifnreates, and is inserted at eaeh end of the 
troehanterie line (Fig. 167); 

2 the pnbofemoral—arising from the iliopnbie jnnetion to blend with the 
medial aspeet of the eapsnle; 

3 the isehiofemoral—aiìsin^ from the isehinm to be inserted into the base of 
the greater troehanter. 

Of these, the iliofemoral is by far the strongest and resists hyperexten- 
sion strains on the hip. In posterior disloeation it usually remains intaet. 


Fig. 167 The anterior 
aspeet of the hip. Note 
that the psoas tendon and 
the femoral artery are 
intimate anterior 
relations of the joint. 
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The synovhim of the hip eovers the non-articular surfaces of the joint and 
oeeasionally bulges out anteriorly to form a bursa beneath the psoas tendon 
where this erosses the front of the joint. 

Movements 

The hip is eapable of a wide range of movements —flexion, extension, 
abdnetion, addnetion, medial and lateral rotation and circumduction. 

The prineipal mnseles aeting on the joint are: 

• £lexors — iliaens and psoas major assisted by rectus femoris, sartorius, 
pectineus; 

• extensor s—gluteus maximus, the hamstr ings; 

• addnetors — addnetor longus, brevis and magnus assisted by graeilis 
and peetinens; 

• abdnetors—gluteus medius and minimns^ tensor faseiae latae; 

• lateral rotators — prineipally gluteus maximus assisted by the obhira- 
tors, gemelli and quadratus femoris; 

• medial rotators — tensor faseiae latae and anterior fibres of gluteus 
medius and minimns. 


Relations (Fig. i66) 

The hip joint is surrounded by mnseles: 

• anteriorly — iliaens, psoas and peetinens, together with the femoral 
artery and vein; 

• laterally—tensor faseiae latae, gluteus medius and minimns; 

• posteriorly—the tendon of obtnrator internns with the gemelli, quadra- 
tus femoris^ the seiatie nerve and, more snperfieially gluteus maximus; 

• superiorly — the refleeted head of rectus femoris lying in eontaet with 
the joint eapsnle; 

• inferiorly—the obtnrator externus, passing baek to be inserted into the 
troehanterie fossa. 

Snrgieal exposure of the hip joint therefore inevitably involves eonsid- 
erable and deep disseetion. 

The lateral approaeh eomprises splitting down throngh the fibres of 
tensor faseiae latae, gluteus medius and minimns on to the femoral neek. 
Fnrther aeeess may be obtained by detaehing the greater troehanter with 
the glnteal insertions. 

The anterior approaeh passes between gluteus medius and minimns lat- 
erally and sartorins medially then dividing the refleeted head of rectus 
femoris to expose the anterior aspeet of the hip joint. More room may be 
obtained by detaehing these glutei from the external aspeet of the ilium. 

The posterior approaeh is through an angled ineision eommeneing at the 
posterior snperior iliae spine, passing to the greater troehanter and then 
dropping vertieally downwards from this point. 

Gluteus maximus is split in the line of its fibres and then ineised along 
its tendinons insertion. Gluteus medius and minimns are detaehed from 
their insertions into the greater troehanter (or the troehanter is detaehed 
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and subsequently wired baek in plaee), and an excellent view of the hip 
joint is thus obtained. 


Nerve supply 

Hilton's lazv states that the nerves erossing a joint supply the muscles aeting 
on it, the skin over the joint and the joint itself. The hip is no exception and 
reeeives fibres from the femoral, seiatie and obtnrator nerves. It is impor- 
tant to note that these nerves also supply the knee joint and, for this reason, 
it is not imeommon for a patient, partienlarly a ehild, to eomplain bitterly of 
pain in the knee and for the cause of the misehief, the diseased hip, to be 
overlooked. 


eiinieal features 


Trendelenburg's test 

The stability of the hip in the standing position depends on two faetors, the 
strength of the snrroimding mnseles and the integrity of the lever system of 
the femoral neek and head within the intaet hip joint. When standing on 
one leg, the abdnetors of the hip on this side (gluteus medius and minimns 
and tensor faseiae latae) eome into powerful aetion to maintain fixation at 
the hip joint, so much so that the pelvis actually rises slightly on the oppo- 
site side. If, however, there is any defeet in these mnseles or lever meeha- 
nism of the hip joint, the weight of the body in these eirenmstanees forees 
the pelvis to tilt downwards on the opposite side. 

This positive Trendelenbnrg test is seen if the hip abdnetors are paral- 
ysed (e.g. poliomyelitis), if there is an old unreduced or eongenital disloea- 
tion of the hip, if the head of the femur has been destroyed by disease or 
removed operatively (psendarthrosis), if there is an un-united fraetnre of 
the femoral neek or if there is a very severe degree of coxa vara. 

The test may be said to indieate 'a defeet in the osseo-muscuIar stability 
of the hip joint'. 

A patient with any of the eonditions ennmerated above walks with a 
eharaeteristie 'dipping gaiT. 

Dìsloeatìon of the hip (Fig. 168) 

The hip is usually disloeated backwards and this is prodneed by a foree 
applied along the femoral shaft with the hip in the flexed position (e.g. the 
knee striking against the opposite seat when a train runs into the bnffers). If 
the hip is also in the addneted position, the head of the femur is unsup- 
ported posteriorly by the acetabulum and disloeation ean occur without an 
assoeiated aeetabnlar fraetnre. If the hip is abdneted, disloeation must be 
aeeompanied by a fraetnre of the posterior aeetabnlar lip. 

The seiatie nerve, a elose posterior relation of the hip, is in danger of 
damage in these injnries, as will be appreeiated by a glanee at Fig. 156. 
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Fig. 168 Disloeation of the hip. If the hip is foreed into posterior disloeation while 
addneted (a), there is no assoeiated fraetnre of the posterior aeetabnlar líp 
(b). Disloeation in the abdneted position (e) ean only occur with a eoneomitant 
acetabular fracture (d). (The inset figure indieates the plane of these diagrams.) 


Reduction of a disloeated hip is quite simple providing that a deep anaes- 
thetie is used to relax the surrounding mnseles; the hip is £lexed, rotated into 
the nentral position and lifted baek into the acetabulum. Oeeasionally, 
foreible abdnetion of the hip will disloeate the hip forwards. Violent foree 
along the shaft (e.g. a fall from a height) may thrust the femoral head through 
the floor of the acetabulum, producing a eentral disloeation of the hip. 

The knee joint (Figs i69, i70) 

The knee is a hinge joint made up of the articulations between the femoral 
and tibial eondyles and between the patella and the patellar snrfaee of the 
femur. 
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Fig. 169 (a) The knee—anterior view; the knee is flexed and the patella has been 
turned downwards. (b) The right knee in transverse seetion. 



(a) Anterior cruciate ligament - resists 
forvvard movement of tibia on femur 

(b) Posterior cruciate ligament - resìsts Fig. 170 Theaetionsof 

baekvvard movement of tibia on femur the cruciateligaments. 
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The eapsiile is attaehed to the margins of these artienlar snrfaees but 
eommimieates above with the siiprapatellar hnrsa (between the lower 
femoral shaft and the quadriceps), posteriorly with the bursa under the 
medial head of gastroenemins and often, throngh it, with the bursa under 
semimembranosus. It may also communicate with the bursa under the 
lateral head of gastroenemins. The capsule is also perforated posteriorly by 
popliteus, which emerges from it in much the same way that the long head 
of bieeps bursts out of the shoulder joint. 

The eapsnle of the knee joint is reinforeed on eaeh side by the medial and 
lateral eollateral ligaments, the latter passing to the head of the fibula and 
lying free from the eapsnle. 

Anteriorly the eapsnle is eonsiderably strengthened by the ligamentnm 
patellae, aná, on eaeh side of the patella, by the medial and lateral patellar reti- 
naenla, which are expansions from vastus medialis and lateralis. 

Posteriorly the tough oblique ligament arises as an expansion from the 
insertion of semimembranosns and blends with the joint capsule. 

Internal structures (Figs. i 69 , izo) 

Within the joint are a number of important structures. 

The erneiate ligaments are extremely strong eonneetions between the 
tibia and femur. They arise from the anterior and posterior intereondylar 
areas of the snperior aspeet of the tibia, taking their names from their tibial 
origins, and pass obliquely upwards to attaeh to the intereondylar noteh of 
the femur. 

The anterior ligament resists forward displaeement of the tibia on the 
femur and beeomes taut in hyperextension of the knee, it also resists rota- 
tion, the posterior resists backward displaeement of the tibia and beeomes 
taut in hyperflexion. 

The semilnnar eartilages {menisei) are ereseent-shaped and are triangnlar 
in eross-seetion, the medial being larger and less curved than the lateral. 
They are attaehed by their extremities to the tibial intereondylar area and by 
their periphery to the eapsnle of the joinh althongh the lateral eartilage is 
only loosely adherent and the popliteus tendon intervenes between it and 
the lateral eollateral ligament. 

They deepen, althongh to only a negligible extenh the artienlations 
between the tibial and femoral eondyles and probably aet as shoek 
absorbers. If both menisei are removed, the knee ean regain eomplete func- 
tional effieieney aIthough it is interesting that, following surgery a rim of 
fibroeartilage regenerates from the eonneetive tissue margin of the excised 
menisei. 

An infrapatellar pad offat fills the spaee between the ligamentnm patellae 
and the femoral intereondylar noteh. The synovinm eovering this pad pro- 
jeets into the joint as two folds termed the alarfolds. 

Movements of the knee 

The prineipal knee movements are flexion and extension, but note on 
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yourself that some degree of rotation of the knee is possible when this joint 
is in the flexed position. In full extension, i.e. in the standing position, the 
knee is quite rigid because the medial eondyle of the tibia, being rather 
larger than the lateral eondyle, rides forward on the medial femoral 
eondyle, thus 'screwing' the joint firmly together. The first step in flexion of 
the fully extended knee is 'unscrewmg' or internal rotation. This is bronght 
about by poplitens, which arises from the lateral side of the lateral eondyle of 
the femur, emerges from the joint capsule posteriorly and is inserted into 
the baek of the upper end of the tibia. 

The prineipal mnseles aeting on the knee are: 

• extensor—quadriceps f emoris; 

• flexors—hamstrings assisted by graeilis, gastrocnemius and sartorins; 

• medial rotator—popliteus ('unscrews the knee'). 


eiinieal features 


1 The stability of the knee depends upon the strength of its surround- 
ing muscles and of its ligaments. Of the two, the mnseles are by far the 
more important. Providing quadriceps femoris is powerfully developed, 
the knee will fnnetion satisfaetorily even in the faee of eonsiderable liga- 
mentons damage. Gonversely, the most skilfnl snrgieal repair of torn liga- 
ments is doomed to failnre unless the mnseles are fnnetioning strongly; 
without their supporh reconstructed ligaments will merely streteh onee 
more. 

2 When eonsidering soft tissue injuries of the knee joint, think of three Cs 
that may be damaged—the Gollateral ligaments, the Cruciates and the 
Cartilages. 

The eollateral ligaments are taut in full extension of the knee and are, 
therefore, only liable to injury in this position. The medial ligament may be 
partly or eompletely torn when a violent abdnetion strain is applied, 
whereas an addnetion foree may damage the lateral ligament. If one or 
other eollateral ligament is eompletely torn, the extended knee ean be 
roeked away from the affeeted side. 

The eriieiate ligaments may both be torn (along with the eollateral liga- 
ments) in severe abduction or adduction injnries. The anterior erneiate, 
which is taut in extension, may be torn by violent hyperextension of the 
knee or in anterior disloeation of the tibia on the femur. Sinee it resists rota- 
tion, it may also be torn in a violent twisting injury to the knee. The poste- 
rior erneiate tears in a posterior disloeation (Fig. 170). 

If both the erneiate ligaments are torn, unnatural anteroposterior mobil- 
ity of the knee ean be demonstrated. 

If there is only inereased forward mobility the anterior erneiate liga- 
ment has been divided or is lax. inereased backward mobility implies a 
lesion of the posterior erneiate. 

The semilimar eartilages ean only tear when the knee is flexed and is thus 
able to rotate. If you plaee a finger on either side of the ligamentnm patellae 
on the joint line and then rotate your flexed knee first internally and then 
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externally, you will note how the lateral and medial eartilages are respee- 
tively sucked into the knee joint. If the £lexed knee is foreibly abdneted and 
externally rotated, the medial eartilage will be drawn between, and then 
split by, the grinding snrfaees of the medial eondyles of the femur and tibia. 
This occurs when a footballer twists his flexed knee while rnnning or when 
a miner topples over in the eronehed position while hewing eoal in a 
narrow seam. A severe addnetion and internal rotation strain may similarly 
tear the lateral eartilage, but this injury is less eommon. 

The knee 'loeks' in this type of injury because the torn and displaeed 
segment of eartilage lodges between the eondyles and prevents full exten- 
sion of the knee. 


The tìbìofibular joìnts 

The tibia and fibula are eonneeted by: 

1 the snperior tìbiofihular joint, a synovial joint between the head of the 
fibula and the lateral eondyle of the tibia; 

2 the interosseons memhrane, which is erossed by the anterior tibial vessels 
above and piereed by the perforating braneh of the peroneal artery below; 

3 the inferior tibiofibnlar joint, a fibrons joint, the only one in the limbs, 
between the triangnlar areas of eaeh bone immediately above the ankle 
joint. 


The ankle (Fig. i7i) 

The ankle is a hinge joint between a mortiee formed by the malleoli and 
lower end of the tibia and the body of the talus. 

The eapsnle of the joint fits elosely around its artienlar snrfaees, and, 
as in every hinge joint, it is weak anteriorly and posteriorly but reinforeed 
laterally and medially by eollateral ligaments. 
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Movements of the ankle 

The ankle joint is eapable of being flexed and extended (plantar- and 
dorsi£lexion). 

The body of the talns is slightly wider anteriorly and, in full extension, 
beeomes firmly wedged between the malleoli. Gonversely, in £lexion, there 
is slight laxity at the joint and some degree of side to side tilting is possible: 
test this faet on yonrself. 

The prineipal mnseles aeting on the ankle are: 

• dorsi£lexors — tibialis anterior assisted by extensor digitornm longns, 
extensor hallucis longus and peronens tertins; 

• plantarflexors—gastrocnemius and soleus assisted by tibialis posterior, 
£lexor hallucis longus and £lexor digitornm longus. 


eiinieal features 


1 The eollateral ligaments of the ankle ean be sprained or eompletely torn 
by foreible abdnetion or addnetion, the lateral ligament being far the more 
frequently affeeted. If the ligament is eompletely disrnpted the talus eanbe 
tilted in its mortiee; this is diffienlt to demonstrate elinieally and is best eon- 
firmed by taking an anteroposterior radiograph of the ankle while foreibly 
inverting the foot. 

2 The most usual ankle fraetnre is that produced by an abduction-external 
rotation injury; the patient eatehes his foot in a rabbit hole, his body and his 
tibia internally rotate while the foot is rigidly held. First there is a torsional 
spinal fraetnre of the lateral malleolus, then avulsion of the medial eollat- 
eral ligamenb with or without avulsion of a flake of the medial malleolus 
and, finally as the tibia is earried forwards, the posterior margin of the 
lower end of the tibia shears off against the talus. These stages are termed 
Ist, 2nd and 3rd degree Pott's fraetiires. Notiee that, with widening of the 
joinb there is forward disloeation of the tibia on the talus, producing ehar- 
aeteristie prominenee of the heel in this injury. 

The joìnts of the foot 

Inversion and eversion of the foot take plaee at the taloealeaneal articula- 
tions and at the mid-tarsal joints between the ealeanenm and the cuboid and 
between the talus and the navicular. Of these, the taloealeaneal joint is the 
more important. Test this on yonrself—hold your calcaneus between your 
finger and thumb; inversion and eversion are prevented. 

Loss of these rotatory movements of the foot, e.g. after injury or because 
of arthritis, results in quite severe disability because the foot eannot adapt 
itself to walking on rough or sloping ground. 

Inversion is bronght about by tibialis anterior and posterior assisted by 
the long extensor and £lexor tendons of the hallux; eversion is the duty of 
peroneus longus and brevis, (peronens tertins forms part of the extensor 
mnseles). 
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Fig. 172 The longitudinal 
arehes of the right foot. 

(a) Medial view. 

(b) Lateral view. 
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The other tarsal joints allow slight gliding movements only, and indi- 
vidnally are not of elinieal importanee. The arrangement of the metaear- 
pophalangeal and interphalangeal joints is on the same basie plan as in the 
npper limb. 


The arehes of the foot (Fig. 172 ) 

On standing, the heel and the metatarsal heads are the prineipal weight- 
bearing points, but a moment's study of footprints on the wet bathroom 
floor will show that the lateral margin of the foot and the tips of the pha- 
langes also touch the ground. 

The bones of the foot are arranged in the form of two longitndinal 
arehes. The medial areh eomprises ealeanens, talus, navicular, the three 
cuneiforms and the three medial metatarsals; the apex of this areh is the 
talus. The lateral areh, which is lower, eomprises the calcaneus, cuboid and 
the lateral two metatarsals. 

The foot plays a donble role; it fnnetions as a rigid snpport for the 
weight of the body in the standing position, and as a mobile springboard 
during walking and rnnning. 

When one stands, the arehes sink somewhat under the body's weight, 
the individnal bones loek together, the ligaments linking them are at 
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Fig. 173 Plantar aspeet 
of the left foot to show 
the attaehments of the 
important ligaments and 
long tendons. (The head 
of the talus is hidden, 
deep to the spring 
ligament). 


maximum tension and the foot beeomes an immobile pedestal. When one 
walks, the weight is released from the arehes, which unlock and beeome a 
mobile lever system in the spring-like aetions of loeomotion. 

The arehes are maintained by: 

1 the shape of the interloeking bones; 

2 the ligaments of the foot; 

3 muscle aetion. 

The ligaments eoneerned are (Fig. 173): 

1 the dorsal, plantar and interosseons ligaments between the small bones 
of the forefoot; 

2 the spring ligament, which passes from the siistentaenlnm tali of the ealea- 
neus forward to the tnherosity ofthe navienlar and which snpports the infe- 
rior aspeet of the head of the talus; 

3 the short plantar ligament which stretehes from the plantar snrfaee of the 
ealeanens to the cuboid; 

4 the long plantar ligament which arises from the posterior tuberosity on 
the plantar snrfaee of the ealeanens, eovers the short plantar ligament, 
forms a tunnel for peronens longus tendon with the cuboid, and is inserted 
into the bases of the 2nd, 3rd and 4th metatarsals. 

These ligaments are reinforeed in their aetion by the plantar aponenrosis 
which is the eondensed deep faseia of the sole of the foot. This arises from 
the plantar aspeet of the ealeanens and is attaehed to the deep transverse 
ligaments linking the heads of the metatarsals; it also eontinnes forward 
into eaeh toe to form the fibrons £lexor sheaths, in a similar arrangement to 
that of the palmar faseia of the hand. Indeed, like the palmar faseia, it may 
be snbjeet to Dupuytren's eontraetnre (p. 200). 

The prineipal mnseles eoneerned in the meehanism of the arehes of the 
foot are peronens longus, tibialis anterior and posterior, flexor hallneis 
longus and the intrinsie mnseles of the foot. 
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Peronens longns tendon passes obliquely aeross the sole in a groove 
on the enboid bone and is inserted into the lateral side of the base of 
the Ist metatarsal and the medial enneiform. Into the medial aspeet of these 
two bones is inserted the tendon of tibialis anterior so that these mnseles 
form, in effeeh a stirrnp between them which snpports the arehes of the 
foot. 

The medial areh is fnrther reinforeed by flexor hallucis longus, whose 
tendon passes under the sustentaculum tali of the calcaneus, and by tihialis 
posterior, two-thirds of whose fibres are inserted into the tnberosity of the 
navienlar and snpport the spring ligament. 

The longitndinally rnnning intrinsie mnseles of the foot also aet as ties 
to the longitndinal arehes. 

The anatomy of vvalkìng 

In the proeess of walking, the heel is raised from the ground, the metatar- 
sophalangeal joints flex to give a 'push off' movement; the foot then leaves 
the ground eompletely and is dorsiflexed to elear the toes. 

Just before the toes of one foot leave the groimd, the heel of the other 
makes eontaet. 

Forward progression is prodneed partly by the 'push off' of the toes, 
partly by powerful plantarflexion of the ankle and partly by the forward 
swing of the hips aeeentnated by swinging movements of the pelvis. Para- 
plegies ean be taught to walk purely by this pelvie swing aetion, even 
though paralysed from the waist downwards. 

When one foot is off the ground, dropping of the pelvis to the unsup- 
ported side is prevented by the hip abdnetors (gluteus medius and 
minimns and tensor faseiae latae). Their paralysis is one cause of a 'dipping 
gaiT and of a positive Trendelenbnrg sign (see page 228). 


Three ímportant zones of the 
lower limb—the femoral triangle, 
addnetor eanal and popliteal fossa 

The femoral trìangle (Fig. 174) 

This triangle is bonnded: 

• snperiorly—by the ingninal ligament; 

• medially—by the medial border of addnetor longus; 

• laterally—by the medial border of sartorius. 

Its floor eonsists of iliaens, the tendon of psoas, peetinens and addnetor 
longus. 

The roof is formed by the superficial faseia, eontaining the snperfieial 
ingninal lymph nodes and the great saphenons vein with its tribntaries, 





238 


The lower limb 



Lateral cutaneous 
nerve of thigh 


Sartorius 


lliaeys 
Tendon of psoas 


Femoral nerve 
Vein 


Addoetor longus 


Pectineus 


Spermatie eord 
emerging throogh 
externdl inguinal ring 


Fig. 174 The femoral triangle and its eontents. 


and the deep faseia (faseia lata), which is piereed by the saphenons vein at 
the saphenons opening. 

The eontents of the triangle are the femoral vein, artery and nerve 
together with the deep ingninal nodes. 

Some of these structures must now be eonsidered in greater detail. 

The faseia lata 

The deep faseia of the thigh, or faseia lata, extends downwards to ensheath 
the whole lower limb except over the subcutaneous surface of the tibia (to 
whose margins it adheres), and at the saphenons opening. Above, it is 
attaehed all aroimd to the root of the lower limb — that is to say to the 
ingninal ligament, pubis, ischium, sacrotuberous ligament, saernm and 
coccyx and the iliae erest. The faseia of the thigh is partienlarly dense later- 
ally (the iliotihial traet), where it reeeives tensor faseiae latae, and posteri- 
orly where the greater part of gluteus maximus is inserted into it. The 
iliotibial traet, when tensed by its attaehed mnseles, assists in the stabiliza- 
tion of the hip and the extended knee when standing. 

The tough lateral faseia of the thigh is an excellent source of this mater- 
ial for hemia and dural repairs. 


The femoral sheath and femoral eanal (Fig. 175 ) 

The femoral artery and vein enter the femoral triangle from beneath the 
ingninal ligament within a faseial tube termed the femoral sheath. This is 
derived from the extraperitoneal intra-abdominal faseia, its anterior wall 
arising from the transversalis faseia and its posterior wall from the faseia 
eovering the iliaens. 
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Fig. 175 The femoral eanal and its surrounds. 


The medial part of the femoral sheath eontains a small, almost vertieally 
plaeed gap, the femoral eanal, which is abont 0.5 in (12 mm) in length and 
which just admits the tip of the little finger. The greater width of the female 
pelvis means the eanal is somewhat larger in the female and femoral 
herniae are, consequently eommoner in this sex. 

The bonndaries of the femoral eanal are: 

• anteriorly—the ingninal ligament; 

• medially—the sharp free edge of the peetineal part of the ingninal liga- 
ment, termed the laennar ligament {Gimbernat's ligament); 

• laterally—the femoral vein; 

• posteriorly — the peetineal ligament (of Astley Gooper), which is the 
thiekened periosteum along the peetineal border of the snperior pubic 
ramus and which eontinnes medially with the peetineal part of the ingninal 
ligament. 

The eanal eontains a plug of fat and a eonstant lymph node—the node of 
thefemoral eanal or Cloquet's gland. 

The eanal has two fnnetions: firsh as a dead spaee for expansion of the 
distended femoral vein and^ seeond, as a lymphatie pathway from the 
lower limb to the external iliae nodes. 


Femoral hernìa 

The great importanee of the femoral eanal is, of course, that it is a potential 
point of weakness in the abdominal wall through which may develop a 
femoral hernia. LJnlike the indireet ingninal hernia, this is never due to a 
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Fig. 176 The relationship of an indireet ingninal and a femoral hernia to the pnbie 
tnberele; the inguinal hernia emerges above and medial to the tnberele, the femoral 
hernia lies below and lateral to it. 

eongenital sae and, althongh eases do oeenr rarely in ehildren, it is never 
fonnd in the newborn. 

As the hernia sae enlarges, it emerges throngh the saphenons opening 
then tnrns upwards along the pathway presented by the snperfieial epigas- 
trie and snperfieial circum£lex iliae vessels so that it may eome to projeet 
above the inguinal ligament. There should not, however, be any difficulty 
in differentiating between an irredneible femoral and ingninal hernia; the 
neek of the former must always lie below and lateral to the pubic tubercle 
whereas the sae of the latter extends above and medial to this landmark 
(Fig. 176). 

The neek of the femoral eanal is narrow and bears a partienlar sharp 
medial border; for this reason, irredneibility and strangnlation occur 
more eommonly at this site than at any other. In order to enlarge the 
opening of the eanal at operation on a strangnlated ease, this sharp edge 
of Gimbernat's laennar ligament may require ineision; there is a slight risk 
of damage to the abnormal obtnrator artery in this manoenvre and it is 
safer to enlarge the opening by making several small nieks into the liga- 
ment. The safe alternative is to divide the ingninal ligament, which ean then 
be repaired. 

Note. Normally there is an anastomosis between the pubic braneh of the 
inferior epigastrie artery and the pubic braneh of the obtnrator artery. Oeea- 
sionally the obhirator artery is entirely replaeed by this braneh from the 
inferior epigastrie—the abnormal ohtnrator artery. This aberrant vessel 
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usually passes laterally to the femoral eanal and is out of harm's way; more 
rarely it passes behind Gimbernat's ligament and it is then in surgical 
danger. 

The lymph nodes of the groìn and the 
lymphatìe draìnage of the lower limb 

The lymph nodes of the groin are arranged in a snperfieial and a deep 
group. The snperfieial nodes lie in two ehains, a longitiidinal ehain along the 
great saphenons vein, reeeiving the bulk of the superficial lymph drainage 
of the lower limb, and a horizontal ehain, just distal to the inguinal ligament. 
These horizontal nodes reeeive lymphaties from the skin and snperfieial 
tissnes of: 

1 the lower trunk and baek, below the level of the umbilicus; 

2 the buttock; 

3 the perineum, serohim and penis (or lower vagina and vulva) and the 
anus below its mucocutaneous junction. 

In addition, some lymphaties drain via the round ligament to these 
nodes from the fundus of the uterus. 

(All these sites, as well as the whole leg, must be examined earefnlly 
when a patient presents with an ingninal lymphadenopathy.) 

The two groups of superficial nodes drain throngh the saphenous 
opening in the faseia lata into the deep) nodes lying medial to the femoral 
vein^ which also reeeive the lymph drainage from the tissnes of the lower 
limb beneath the deep faseia. In addition, a small area of skin over the heel 
and lateral side of the foot drains by lymphaties along the small saphenons 
vein to nodes in the popliteal fossa and then, along the femoral vessels, 
direetly to the deep nodes at the groin. 

The deep groin nodes drain to the external iliae nodes by lymphaties 
which travel partly in front of the femoral artery and vein and partly 
throngh the femoral eanal. 


eiinieal features 


1 Minor sepsis and abrasions of the leg are so eommon that it is usual to 
find that the ingninal nodes are palpable in perfeetly healthy people. 

2 Seeondary involvement of the ingninal nodes by malignant deposits 
may be dealt with by hloek disseetion ofthe groin. This involves removal of the 
snperfieial and deep faseial roof of the femoral triangle, the saphenons vein 
and its tribntaries and the fatty and lymphatie eontents of the triangle, 
leaving only the femoral artery vein and nerve. The ingninal ligament is 
detaehed so that, in addition, an extraperitoneal removal of the external 
iliae nodes ean be earried out. 

3 In making a differential diagnosis of a Iump in the femoral triangle, 
think of eaeh anatomieal structure and of the pathologieal eonditions to 
which it may give rise, thus: 

• skin and soft tissnes—lipoma, sebaeeons eysh sareoma; 
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Fig. 177 Cross-section throngh the thigh in the region of the addnetor, or 
snbsartorial, eanal of Hnnter. 


• artery—aneurysm of the femoral artery; 

• vein—varix of the great saphenons vein; 

• nerve—nenroma of the femoral nerve or its branehes; 

• femoral eanal—femoral hernia; 

• psoas sheath—-psoas abseess; 

• lymph nodes—any of the eanses of lymphadenopathy. 

The adductor eanal (of Hunter) or 
subsartorìal eanal (Fig.i77) 

This eanal leads on from the apex of the femoral triangle. Its boundaries are: 

• posteriorly—adductor longus and magnus; 

• anterolater ally—vastus medialis; 

• anteromedially—the sartorins, which lies on a faseial sheet forming the 
roof of the eanal. 

The eontents of the eanal are the femoral artery the femoral vein (which 
lies behind the artery), the saphenous nerve and, in its upper part, the nerve 
to vastus medialis from the femoral nerve. 

John Hunter deseribed the exposure and ligation of the femoral 
artery in this eanal for aneurysm of the popliteal artery; this method has 
the advantage that the artery at this site is healthy and will not tear when 
tied, as may happen if ligation is attempted immediately above the 
aneurysm. 


The poplìteal fossa (Fig. i7S) 

The popliteal fossa is the distal continuation of the addnetor eanal. This 
Tossa' is, in faet, a elosely paeked eompartment which only beeomes the 
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Fig. 178 The popliteal fossa. (a) Superficial disseetion. (b) Deep disseetion. (e) Floor. 
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rhomboid-shaped spaee of anatomieal diagrams when opened up at opera- 
tion or by disseetion. 

Its bonndaries are: 

• superolaterally—bieeps tendon; 

• snperomedially—semimembranosus reinforeed by semitendinosus; 

• inferomedially and inferolaterally — the medial and lateral heads of 
gastroenemins. 

The roof of the fossa is deep faseia which is piereed by the small saphe- 
nous vein as this enters the popliteal vein. 

Its floor, from above down, is formed by: 

• the popliteal snrfaee of the femur; 

• the posterior aspeet of the knee joint; 

• the poplitens muscle eovering the upper posterior surface of the tibia. 
From without in, the popliteal fossa eontains nerves, vein and artery. 
The eommon peroneal nerve passes out of the fossa along the medial border 

of the bieeps tendon; the tibial nerve is first lateral to the popliteal vessels and 
then erosses snperfieially to these vessels to lie on their medial side. 

The popliteal vein lies immediately snperfieial to the artery; the popliteal 
artery itself lies deepest of all in the fossa. 

As well as these important structures, the fossa eontains fat and the 
popliteal lymph nodes. 


eiinieal features 


The popliteal fossa is another good example of the value of thinking 
anatomieally when eonsidering the differential diagnosis of a mass sitnated 
in a particular anatomieal area. 

When examining a lump in the popliteal region, let these possibilities 
pass through your mind: 

• skin and soft tissues—sebaceous eysh lipoma, sareoma; 

• vein—varieosities of the short saphenons vein in the roof of the fossa; 

• artery—popliteal anenrysm; 

• lymph nodes—infeetion seeondary to suppuration in the foot; 

• knee joint—joint effnsion; 

• tendons—enlarged bursae, espeeially those beneath semimembranosns 
and the heads of gastrocnemius; 

• bones—a tumour of the lower end of femur or upper end of tibia. 


The arteries of the lower limb 


Femoral artery 

The femoral artery is the distal continuation of the external iliae artery 
beyond the inguinal ligament. It traverses the femoral triangle and the 
adductor eanal of Hunter, then terminates a hand's breadth above the 











The arteries 



adductor tubercle by passing through the hiatus in adductor magnus to 
beeome the popliteal artery (Fig. 153). 

Throughout its course, the femoral artery is aeeompanied by its vein, 
which lies first on the medial side of the artery and then passes posteriorly 
to it at the apex of the femoral triangle. 

Branehes 

In the groin, the femoral artery gives off: 

1 the snperfieial circumflex iliae artery; 

2 the superficial epigastrie artery; 

3 the superficial external pndendal artery. 

These three vessels are eneonntered in the groin ineision for repair for 
an ingninal hernia. Their eorresponding veins drain into the great saphe- 
nous vein (see Fig. 180). 

The profiinda femoris arises posterolaterally from the femoral artery 2in 
(5 em) distal to the ingninal ligament. It is eonventional to eall the femoral 
artery above this braneh the eommon femoral, and below ih the snperfieial 
femoral artery. 

The profnnda passes deep to addnetor longus and gives off medial and 
lateral circumfíex hranehes and four perforating branehes. These are important 
both as the source of blood supply to the great muscles of the thigh and as 
eollateral ehannels which link the rieh arterial anastomoses aroimd the hip 
and the knee. 


eiinieal features 


1 Reeapitnlate the snrfaee markings of the femoral artery—the upper two- 
thirds of a line eonneeting the mid-inguinal point with the addnetor tuber- 
ele, the hip being held somewhat flexed and externally rotated (Fig. 153). 

The femoral artery in the upper 4in (10 em) of its course lies in the 
femoral triangle where it is quite superficial and, in consequence, easily 
injnred. A laeeration of the femoral artery at this site is an oeenpational 
hazard of bntehers and bnllfighters. 

2 The femoral artery at the groin is readily punctured by a hypodermie 
needle and is the most eonvenient site from which to obtain arterial blood 
samples. Arteriography of the peripheral leg vessels is also easily per- 
formed at this point. A Seldinger eatheter ean be passed proximally throngh 
a femoral artery puncture in order to earry out aortography or seleetive 
renab eoeliae and mesenterie angiography. 

3 Arterioselerotie ehanges, with consequent thrombotie arterial occlu- 
sion, frequently eommenee at the lower end of the femoral artery perhaps 
as a result of eompression of the diseased vessel by the margins of the 
hiahis in addnetor magnus. Gollateral circulation is maintained via anasto- 
moses between the branehes of prohmda femoris and the popliteal artery. If 
arteriography demonstrates a patent arterial tree distal to the bloek, it is 
possible to bypass the oeelnded segment by means of a graft between the 
eommon femoral and popliteal arteries. 
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Poplìteal artery 

The popliteal artery continues on from the femoral artery at the addnetor 
hiatus and terminates at the lower border of the poplitens muscle. It lies 
deep within the popliteal fossa (see above), being eovered snperfieially by 
the popliteal vein and, more snperfieially still^ erossed by the tibial nerve. 

The popliteal artery gives off muscular branehes, genienlate branehes 
(to the knee joint) and terminal branehes, the anterior and posterior tibial 
arteries. 


eiinieal features 


1 Anenrysm of the popliteal artery, onee eommon, is now rare. Its 
frequency in former days was assoeiated with the repeated tranmata of 
horse-riding and the wearing of high riding-boots. 

Pressnre of the anenrysm on the adjaeent vein may cause venous 
thrombosis and peripheral oedema; pressnre on the tibial nerve may cause 
severe pain in the leg. 

2 The popliteal artery is exposed by deep disseetion in the midline within 
the popliteal fossa, eare being taken not to injure the more superficial vein 
and nerve. It ean also be exposed by a medial approaeh, which divides the 
insertion of addnetor magnus and detaehes the origin of the medial head of 
gastroenemins from the tibia. 

Posterior tibìal artery 

The posterior tibial artery is the larger of the terminal branehes of the 
popliteal artery. It deseends deep to soleus, where it ean be exposed by split- 
ting gastroenemins and soleus in the midline, then beeomes snperfieial in 
the lower third of the leg and passes behind the medial malleolns between 
the tendons of flexor digitornm longus and flexor hallneis longus. It is 
aeeompanied by its eorresponding vein and by the tibial nerve (Fig. 179). 

Below the ankle, the posterior tibial artery divides into the medial and 
lateral plantar arteries which eonstitnte the prineipal blood snpply to the 
foot. 

As well as branehes to mnseles and skin and a large nntrient braneh to 
the tibia, the posterior tibial artery gives off the peroneal artery about 1.5 in 
(4cm) from it origin. The peroneal artery runs down the posterior aspeet of 
the fibula, elose to the medial margin of the bone, snpplying adjaeent 
mnseles and giving a nntrient braneh to the fibula. Above the ankle it gives 
off its perforating braneh which pierees the interosseons membrane, 
deseends over the lateral malleolns and anastomoses with the arteries of 
the dorsum of the foot. 


Anterìor tìbìal artery 

The anterior tibial artery arises at the bifnreation of the popliteal artery. It 
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Fig. 179 The relations of the posterior tibial artery as it passes behind the medial 
malleolns. 


passes forwards between the tibia and fibnla under the lower border of 
poplitens over the upper margin of the interosseons membrane and 
deseends on this structure in the anterior eompartment of the leg. 

At first deeply buried, it beeomes superficial just above the ankle 
between the tendons of extensor hallneis longus and tibialis anterior, being 
erossed snperfieially by the former immediately proximal to the line of the 
anklejoint. 

The artery eontinnes over the dorsum of the foot as the dorsalis pedis 
(where its pulse may be palpated); this gives off the areiiate artery which, in 
turn, snpplies cutaneous branehes to the baeks of the toes. Dorsalis pedis 
itself plnnges between the Ist and 2nd metatarsals to join the lateral plantar 
artery in the formation of the plantar areh, from which branehes rim for- 
wards to supply the plantar aspeets of the toes. 


The veíns of the lower limb 


The veins of the lower limb are divided into the deep and superficial groups 
aeeording to their relationship to the investing deep faseia of the leg. The 
deep veins aeeompany the eorresponding major arteries. The snperfieial veins 
are the great and small (or long and short) saphenons veins and their tribu- 
taries (Fig. 180). 

The small (short) saphenoiis vein eommenees at the ankle behind the 
lateral malleolus where it drains the lateral side of the dorsal venous plexus 
of the foot. It courses over the baek of the ealh perforates the deep faseia 
over the popliteal fossa and terminates in the popliteal vein. One or more 
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branehes rim upwards and medially from it to join the great saphenons 
vein. The small saphenons vein is aeeompanied by the sural nerve — a 
sensory braneh of the tibial nerve (Fig. 178a), which may be damaged in 
operating on variees of this vein. 

The great (long) saphenons vein drains the medial part of the venous 
plexus on the dorsum of the foot and passes upwards immediately in front 
of the medial malleolus (Fig. 154); here branehes of the saphenous nerve lie 
in front of and behind the vein. The vein then aseends over the posterior 
parts of the medial eondyles of the tibia and femur to the groin where it 
pierees the deep faseia at the saphenous opening lin (2.5 em) below the 
ingninal ligamenh to enter the femoral vein immediately medial to the 
femoral pulse. 

The great saphenous vein is joined by one or more branehes from the 
small saphenons, and by the lateral aeeessory vein which usually enters the 
main vein at the mid-thigh^ althongh it may not do so until the saphenons 
opening is reaehed. 

At the groin a number of tributaries from the lower abdominal walb 
thigh and serohim enter the great saphenons vein; these tribntaries are vari- 
able in number and arrangement but usually eomprise (Fig. 180): 
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1 the superficial epigastrie vein; 

2 the snperfieial circuinflex iliae vein; 

3 the snperfieial external pndendal vein. 

The snperfieial epigastrie vein eommnnieates with the lateral thoraeie 
tribntary of the axillary vein via the thoraeoepigastrie vein. This dilates (and 
may beeome readily visible eonrsing over the tnmk), following obstrnetion 
of the inferior vena eava. The great saphenons vein eommnnieates with the 
deep venous system not only at the groin but also at a number of points 
along its course through perforating vems; one is usually present a hand's 
breadth above, another a hand's breadth below the knee. 

The skin of the medial aspeet of the leg is drained to the deep veins by 
two or three direet perforating veins which pieree the deep faseia behind the 
great saphenons vein. 


eiinieal features 


1 We have already noted (under snrfaee anatomy of the lower limb) the 
great importanee of the eonstant position of the great saphenons vein lying 
immediately in front of the medial malleolns. Knowledge that a vein jnnst 
be present at this site, even if not visible in an obese or eollapsed patienh 
may be life-saving when urgent transfnsion is requred. Oeeasionally, the 
immediately adjaeent saphenons nerve is caught up by a ligature during 
this proeednre — the patient, if eonseions, will eomplain bitterly of pain if 
this is done. 

2 The saphenons veins frequently beeome dilated, ineompetent and vari- 
eose. Usually this is idiopathie but may result from the inereased venous 
pressure caused by more proximal venous obstruction (a pelvie tumour or 
the pregnant uterus, for example) or may be seeondary to obstrnetion of the 
deep venous pathway of the leg by thrombosis. 

3 Stagnation of blood in the skin of the lower limb may result from venous 
thrombosis or valve ineompetenee; the skin, in consequence, is poorly nour- 
ished and easily breaks down into a varieose nleer if snbjeeted to even minor 
trauma. This is espeeially liable to occur over the subcutaneous anterome- 
dial snrfaee of the tibia where the cutaneous blood supply is least generous. 

4 In operating upon varieose veins it is important that all tribntaries of the 
groin are ligated as well as the main saphenons trunk; if one tribntary 
eseapes, it in turn beeomes dilated and prodnees reenrrenee of the variees. 


The course and dístribution of the 
prineipal nerves of the lower limb 


The nerves of the lower limb are derived from the lumbar and saeral 
plexuses. 
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Fig. 181 Plan of the Inmbar plexus (muscular branehes have been omitted for 
elarity). 


The lumbar plexus (Fig.isi) 

The lumbar plexus originates from the anterior primary rami of Ll-4. 

The trunks of the plexus traverse psoas major and emerge from its 
lateral border. There are two exceptions: the obtnrator nerve appears at the 
medial border of psoas tendon, and the genitofemoral nerve emerges on the 
anterior aspeet of the muscle. 

The prineipal branehes of the plexus are the femoral nerve and the obtu- 
rator nerve. 

The femoral nerve (L2-4) passes throngh the snbstanee of psoas then 
under the ingninal ligament a finger's breadth lateral to the femoral artery, 
to break up into its terminal branehes after a course in lower limb of only 
some2in (5 em). 

Its branehes are: 

• muscular—to the anterior eompartment of the thigh (quadriceps, sarto- 
rius and peetinens); 

• cutaneous—the medial and intermediate cutaneous nerves of the thigh 
and the saphenons nerve, which traverses the addnetor eanal to supply the 
skin of the medial side of the leg, ankle and foot to the great toe; 

• artienlar—to the hip and knee joints. 

The femoral nerve snpplies the skin of the medial and anterior aspeets 
of the thigh via its medial and intermediate cutaneous branehes, but the 
lateral aspeet is supplied by the lateral eiitaneons nerve of the thigh (L2-3). 
This arises direetly from the lumbar plexus and enters the thigh usually by 
passing deep to the ingninal ligament. Oeeasionally the nerve pierees the 
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ligament and may then be pressed upon by it with resnltant pain and 
anaesthesia over the upper outer thigh {meralgia paraesthetiea). This is 
relieved by dividing the deeper fasciculus of the inguinal ligament where 
the nerve passes over it. 

The obtnrator nerve (L2-4) emerges from the medial aspeet of the psoas 
and runs downwards and forwards^ deep to the intemal iliae vessels, to 
reaeh the snperior part of the obtnrator foramen. This the nerve traverses, 
in eompany with the obtnrator vessels, to enter the thigh. 

Its branehes are: 

• muscular—to obturator externus, the adductor muscles and graeilis; 

• cutaneous—to an area of skin over the medial aspeet of the thigh; 

• artienlar—to the hip and knee joints. 


eiinieal features 


1 Spasm of the addnetor mnseles of the thigh in spastie paraplegia ean be 
relieved by division of the obtnrator nerve (obtmator nenreetomy). This ean 
be performed throngh a midline lower abdominal ineision exposing the 
nerve trunk extraperitoneally on eaeh side as it passes towards the obhira- 
tor foramen. 

2 Rarely, an obtnrator hernia develops throngh the eanal where the obtnra- 
tor nerve and vessels traverse the membrane eovering the obtnrator 
foramen. Pressnre of a strangnlated obhirator hemia upon the nerve causes 
referred pain in its area of cutaneous distribution, so that intestinal obstme- 
hon assoeiated with pain along the medial side of the thigh should suggest 
this diagnosis. 

3 The femoral and obtnrator nerves, as well as the seiatie nerve and its 
branehes, supply sensory fibres to both the hip and the knee; it is not 
nneommon for hip disease to present disgnised as pain in the knee. 

The saeral plexus (Fig. i 82 ) 

This plexus originates from the anterior primary rami of L4-5, Sl-4. 

Note that L4 is shared by both plexuses, a braneh from it joining L5 to 
form the inmbosaeral trnnk which earries its eontribntion to the saeral plexus. 

The saeral nerves emerge from the anterior saeral foramina and imite in 
front of piriformis where they are joined by the inmbosaeral tnmk. 
Branehes from the plexus supply: 

• the pelvie muscles; 

• the muscles of the hip; 

• the skin of the bnttoek and the baek of the thigh. 

The plexus itself terminates as the pndendal nerve and the seiatie nerve. 
The pndendal nerve (S2-4) provides the prineipal innervation of the per- 
ineum. It has a complex course, passing from the pelvis, briefly throngh the 
glnteal region, along the side-wall of the isehioreetal fossa and throngh the 
deep perineal pouch to end by snpplying the skin of the extemal genitalia 
(Fig. 183). 
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Fig. 182 Planof thesacralplexus. 


It arises as the lower main division of the saeral plexus althongh it is 
dwarfed by the giant seiatie nerve. It leaves the pelvis throngh the greater 
foramen below the piriformis mnsele. It erosses the dorsum of the isehial 
spine and immediately disappears throngh the lesser seiatie foramen into 
the perinenm. The nerve now traverses the lateral wall of the isehioreetal 
fossa in eompany with the internal pndendal vessels, and lies within a dis- 
tinet faseial eompartment on the medial aspeet of obtnrator internns 
termed the pndendal eanal (Aleoek's eanal; see Fig. 99). Within the eanal it 
first gives off the inferior reetal nerve, which erosses the fossa to innervate the 
external anal sphineter and the perianal skin, and then divides into the per- 
ineal nerve and the dorsal nerve of the penis (or elitoris). 

The perineal nerve is the larger of the two. It bifnreates almost at onee; its 
deeper braneh snpplies the sphineter nrethrae and the other mnseles of the 
anterior perinenm (the isehioeavernosns, bulbospongiosus and the snperfi- 
eial and deep transverse perinei). Its more snperfieial braneh innervates the 
skin of the posterior aspeet of the serotnm or vulva. 

The dorsal nerve of the penis (or elitoris) traverses the deep perineal 
pouch, pierees the perineal membrane and then penetrates the snspensory 
ligament of the penis to supply the dorsal aspeet of this structure. 


eiinieal features 


In obstetrie praetiee the pndendal nerve ean be bloeked with loeal anaes- 
thetie prior to f oreeps delivery by inserting a long needle throngh the vaginal 
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Fig. 183 The boandaries and eontents of the seiatie foramina. 


wall and gnided by a finger to the isehial spine, which ean be palpated per 
vaginam. Alternatively the needle ean be introdneed just medial to the 
isehial tnberosity to a depth of 1 in (2.5 em). When the procedure is earried 
out bilaterally there is loss of the anal re£lex (which is a useful test that a suc- 
cessful bloek has been aehieved), relaxation of the pelvie floor mnseles and 
loss of sensation to the vulva and lower one third of the vagina (see Fig. 99b). 

The seìatìe nerve 

The seiatie nerve (L4,5, Sl-3) is the largest nerve in the body (Fig. 184). It is 
broad and flat at its origin, althongh peripherally it beeomes ronnded. 

The nerve emerges from the greater seiatie foramen distal to piriformis 
and under eover of gluteus maximus, erosses the posterior surface of the 
isehmm^ erosses obhirator internus, with its gemelli, quadratus femoris 
and deseends on addnetor magnus (Figs 183,184). Here it lies deep to the 
hamstrings and is erossed only by the long head of bieeps. 
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The lower limb 
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Fig. 184 Disseetion of the seiatie nerve in the thigh and popliteal fossa. Note that 
gluteus medius has been removed to show the otherwise eompletely hidden gluteus 
minimus. 


The seiatie nerve terminates by dividing into the tibial and eommon per- 
oneal nerves (see Fig. 178). The level of this division is variable—usually it is 
at the mid-thigh, but the two nerves may be separate even at their origins 
from the saeral plexus. 

Branehes 

The trunk of the seiatie nerve snpplies the hamstring mnseles (bieeps, semi- 
membranosns, semitendinosns) and also the addnetor magnus, the latter 
being innervated also by the obtnrator nerve. 

All the muscle branehes apart from the one to the short head of bieeps 
arise on the medial side of the nerve; its lateral border is therefore the side of 
relative safety in its operative exposure. 


eiinieal features 


1 The seiatie nerve may be wounded in penetrating injnries or in posterior 
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disloeation of the hip assoeiated with fraetnre of the posterior lip of the 
acetabulum, to which the nerve is elosely related (Fig. 168). 

Damage to the seiatie nerve is followed by paralysis of the hamstrings 
and all the muscles of the leg and f oot (snpplied by its distributing branehes); 
there is loss of all movements in the lo wer limb below the knee j oint with foot 
drop deformity. Sensory loss is eomplete below the knee, except for an area 
along the medial side of the leg, over the medial malleolus and down to the 
hallux, which is innervated by the saphenons braneh of the femoral nerve. 

2 The seiatie nerve is aeeompanied by a eompanion artery (derived from 
the inferior gluteal artery) which bleeds quite sharply when the nerve is 
divided during an above-knee amputation. The artery must be neatly iso- 
lated and tied without any nerve fibres being ineorporated in the ligatnre, 
sinee this would be followed by severe pain in the stump. 

The tibìal nerve(Fig.i 78 aandb) 

The tibial nerve (L4, 5, Sl-3) is the larger of the two terminal branehes of the 
seiatie nerve; it traverses the popliteal fossa snperfieial to the popliteal vein 
and artery which it erosses from the lateral to the medial side. 

Branehes 

a) in poplitealfossa 

• muscular—to gastrocnemius, soleus and popliteus; 

• cutaneous — the sural nerve, which deseends over the baek of the ealf, 
behind the lateral malleolns to the 5th toe; it reeeives a eommnnieating 
braneh from the eommon peroneal nerve and supplies the lateral side of the 
leg, foot and 5th toe; 

• articular—to the knee joint. 

It then deseends deep to soleus, in eompany with the posterior tibial 
vessels, passes on their lateral side behind the medial malleolns to end by 
dividing into the medial and lateral plantar nerves. 

b) in the leg 

The tibial nerve snpplies flexor hallneis longus, flexor digitorum longus 
and tibialis posterior. Its terminal plantar branehes supply the intrinsie 
muscles and skin of the sole of the foot, the medial plantar nerve having an 
equivalent distribution to that of the median nerve in the hand, the lateral 
plantar nerve being eomparable to the ulnar nerve. 

The eommon peroneal (fibolar) nerve 

The eommon peroneal nerve (L4, 5, SI, 2) is the smaller of the terminal 
branehes of the seiatie nerve. It enters the upper part of the popliteal fossa, 
passes along the medial border of the bieeps tendon, then curves around 
the neek of the fibula where it lies in the snbstanee of peronens longus and 
divides into its terminal branehes, the deep peroneal and snperfieial peroneal 
nerves (Fig. 155). 




The lower limb 


Branehes 

While still in the popliteal fossa, the eommon peroneal nerve gives 
off the lateral cutaneous nerve of the ealf a peroneal {sural) communicating 
hraneh and twigs to the knee joint, but has no muscular branehes. 

The deep peroneal (fibular) nerve 

The deep peroneal nerve pierees extensor digitornm longus, then deseends, 
in eompany with the anterior tibial vessels, over the interosseons mem- 
brane and then over the ankle joint. Medially lies tibialis anterior, while lat- 
erally lies first extensor digitornm longus, then extensor hallneis longus. Its 
branehes are: 

• muscular — to the muscles of the anterior eompartment of the leg — 
extensor digitornm longus, extensor hallneis longus, tibialis anterior, per- 
oneus tertius—and extensor digitornmbrevis; 

• cutaneous — to a small area of skin in the web between the Ist and 
2 nd toes. 


The superficial peroneal (fibular) nerve 

The snperfieial peroneal nerve runs in the lateral eompartment of the leg. 
Its branehes are: 

• muscular — to the lateral eompartment mnseles (peronens longus and 
brevis); 

• cutaneous—to the skin of the distal two-thirds of the lateral aspeet of the 
leg and to the dorsnm of the foot (apart from the small area between the Ist 
and 2nd toes snpplied by the deep peroneal nerve). 


eiinieal features 


The eommon peroneal nerve is in a particularly vulnerable position as 
it winds around the neek of the fibnla. It may be damaged at this site by the 
pressnre of a tight bandage or plaster east or may be torn in severe adduc- 
tion injnries to the knee. Damage to this nerve is followed by foot drop (due 
to paralysis of the ankle and foot extensors) and inversion of the foot due to 
paralysis of the peroneal mnseles with nnopposed aetion of the foot flexors 
and invertors). There is also anaesthesia over the anterior and lateral 
aspeets of the leg and foot, althongh the medial side eseapes, sinee this is 
innervated by the saphenons braneh of the femoral nerve. 

Segmental cutaneous supply of the lower lìmb 

(Fig. 185) 

The arrangement of root segments snpplying the lower limb is as follows: 

• Ll, 2 and 3—supply the anterior aspeet of the thigh from above down; 

• L4—snpplies the frontomedial aspeet of the leg; 
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Fig. 185 The segmental 
cutaneous nerve supply 
of the skin. 



• L5—supplies the frontolateral aspeet of the leg but also extends on to the 
medial side of the foot; 

• Sl—supplies the lateral side of the foot and the sole; 

• S2—supplies the posterior surface of the leg and thigh; 

• S3 and 4—supply the buttocks and perianal region. 

A little aid to memory is that 5 snpplies the Ist toe and 1 snpplies the 
5th. 

Note that althongh S3 snpplies the posterior part of the serohim (or 
vulva), L1 supplies the anterior part of these structures via the ilio-inguinal 


nerve. 


















Part 5 

The Head and Neek 





The surface anatomy of the neek 


In the midline, from above down, ean be felt (Fig. 186): 

1 the hyoid hone—aì the level of C3; 

2 the noteh of the thyroid eartilage—at the level of C4; 

3 the erieothyroid ligament—important in erieothyroid pnnetnre; 

4 the erieoid eartilage—ieTmìnatmg in the traehea at C6; 

5 the rings of the traehea, over the seeond and third of which ean be rolled 
the isthmiis ofthe thyroid gland; 

6 the snprasternal noteh. 

Note that the lower border of the erieoid is an important level in the 
neek; it eorresponds not only to the level of the 6th eervieal vertebra but 
also to: 

1 the jnnetion of the larynx with the traehea; 

2 the jnnetion of the pharynx with the oesophagus; 

3 the level at which the inferior thyroid artery and the middle thyroid 
vein enter the thyroid gland; 

4 the level at which the vertebral artery enters the transverse foramen in 
the 6th eervieal vertebra; 

5 the level at which the snperior belly of the omohyoid erosses the earotid 
sheath; 

6 the level of the middle eervieal sympathetie ganglion; 

7 the site at which the earotid artery ean be eompressed against the trans- 
verse proeess of C6 (the earotid tnberele). 

By pressing the jaw laterally against the resistanee of one's hand, the 
opposite sternoeleidomastoid is tensed. This muscle helps define the poste- 
rior triangle of the neek, bonnded by sternoeleidomastoid, trapezins and 
the elaviele, and the anterior triangle, defined by sternoeleidomastoid, the 
mandible and the midline (Fig. 187). 

Violently eleneh the jaws; the platysma then eomes into view as a sheet 
of muscle, passing from the mandible down over the elavieles, lying in the 
snperfieial faseia of the neek. The external jngidar vein lies immediately deep 
to platysma, erosses the sternoeleidomastoid into the posterior triangle, 
perforates the deep faseia just above the elaviele and enters the snbelavian 
vein. It is readily visible in a thin snbjeet on straining and is seen from the 
andienee when a singer hits a snstained high note or when an orthopaedie 
snrgeon rednees a fraetnre. 

The eommon earotid artery pulse ean be felt by pressing backwards 
against the long anterior tnberele of the transverse proeess of C6. The line 
of the earotid sheath ean be marked out by a line joining a point mid- 
way between the tip of the mastoid proeess and the angle of the jaw to the 
stemoelavienlar joint. Along this line, the earotid bifnreates into the external 
and internal earotid arteries at the level of the upper border of the thyroid 
eartilage; at this level the vessels lie just below the deep faseia where their 
pulsation is palpable and often visible. 
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Fig. 186 Structures 
palpable on the anterior 
aspeet of the neek, 
together with their 
eorresponding vertebral 
levels. 
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Fig. 187 The triangles of the neek. 


The faseial eompartments of the neek (Fig.iss) 

The faseial planes of the neek are of eonsiderable importanee to the 
snrgeon; they form eonvenient lines of eleavage throngh which he may 
separate the tissnes in operative disseetions and they delimit the spread of 
pus in neek infeetions. 

The snperfieial faseia is a thin fatty membrane enelosing the platysma. 
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Fig. 188 (a) Transverse 
seetion of the neek 
throngh C6—showing 
the faseial planes and 
also the eontents of the 
pretraeheal faseia (or 
Viseeral eompartment of 
the neek'). (b) CT sean 
throngh the C6 level; 
eompare this with the 
diagram. 
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The deepfaseia eanbe divided into three layers. 

1 The enveloping faseia invests the mnseles of the neek. It is attaehed to 
all the bony landmarks at the npper and lower margin of the neek: above, 
to the mandible, zygomatie areh, mastoid proeess and snperior nnehal 
line; below, to the mannbrinm, elaviele, aeromion and seapnlar spine. 
Posteriorly, the ligamentnm nnehae provides a longitndinal line of attaeh- 
ment for it. 

This enveloping faseia splits to enelose the trapezins, the sterno- 
eleidomastoid, the strap mnseles and the parotid and submandibular 
glands. 

The external jugular vein pierees the deep faseia above the elaviele. If 
the vein is divided here, it is held open by the deep faseia which is attaehed 
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to its margins, air is sucked into the vein lumen during inspiration and a 
fatal air embolism may ensue. 

2 The prevertebral faseia passes aeross the vertebrae and prevertebral 
mnseles behind the oesophagns, the pharynx and the great vessels. Above 
it is attaehed to the base of the skulL Laterally the faseia eovers the sealene 
mnseles together with the phrenie nerve, as this lies on sealenns anterior, 
and the emerging braehial plexus and snbelavian artery. These structures 
earry with them a sheath formed from the prevertebral faseia, which 
beeomes the axillary sheath. 

Inferiorly the faseia blends with the anterior longitndinal ligament of 
the upper thoraeie vertebrae in the posterior mediastinnm. 

Pus from a tuberculous eervieal vertebra bulges behind this dense 
faseial layer and may form a midline swelling in the posterior wall of the 
pharynx. The abseess may then traek laterally deep to the prevertebral 
faseia, to a point behind the sternoeleidomastoid. Rarely pus has traeked 
down along the axillary sheath into the arm. 

3 The pretraeheal faseia eneloses the Viseeral eompartment of the neekL 
Extending from the hyoid above to the fibrons perieardinm below, it 
eneloses larynx and traehea, pharynx and oesophagns and the thyroid 
gland. A separate tube of faseia forms the earotid sheath, eontaining earotid, 
internal jugular and vagus nerve and bearing the eervieal sympathetie 
ehain in its posterior wall. (Some points of elinieal signifieanee eoneerning 
this faseia are to be found under 'The thyroid', page 267.) 


The thyroid gland 


The thyroid is made up of (Fig. 189): 

1 the fsf/ímws—overlying the 2nd and 3rd rings of the traehea; 

2 the lateral lobes — eaeh extending from the side of the thyroid eartilage 
downwards to the 6th traeheal ring; 

3 an ineonstant pyramidal lobe projeeting upwards from the isthmus, 
usually on the left side, which represents a remnant of the embryologieal 
deseent of the thyroid. 


Relations (Fig. 188) 

The gland is enelosed in the pretraeheal faseia, eovered by the strap mnseles 
and overlapped by the stemoeleidomastoids. The anterior jugular veins 
course over the isthmus. When the thyroid enlarges, the strap mnseles 
streteh and adhere to the gland so that, at operation, they often appear to be 
thin layers of faseia. 

On the deep aspeet of the thyroid lie the larynx and traehea, with the 
pharynx and oesophagns behind and the earotid sheath on either side. Two 
nerves lie in elose relationship to the gland; in the groove between the 
traehea and oesophagns lies the reenrrent laryngeal nerve and deep to the 





The thyroid gland 
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Fig. 189 The thyroid and its blood vessels. 


upper pole lies the extemal hraneh of the snperior laryngeal nerve passing to 
the erieothyroid muscle. 

Blood supply 

Three arteries supply and three veins drain the thyroid gland (Fig. 189): 

• the snperior thyroid artery—arìses from the external earotid and passes to 
the upper pole; 

• the inferior thyroid artery—arises from the thyroeervieal trunk of the Ist 
part of the snbelavian artery and passes behind the earotid sheath to the 
baek of the gland; 

• the thyroidea ima artery—ìs ineonstant; when present, it arises from the 
aortie areh or the braehioeephalie artery; 

• the snperior thyroid vein — drains the upper pole to the internal jugular 
vein; 

• the middle thyroid vein —drams from the lateral side of the gland to the 
internal jugular; 

• the inferior thyroid veins—oíten several—drain the lower pole to the bra- 
ehioeephalie veins. 

As well as these named branehes, numerous small vessels pass to the 
thyroid from the pharynx and traehea so that even when all the main 
vessels are tied, the gland still bleeds when cut aeross during a partial thy- 
roideetomy 


Development 

The thyroid develops from a bud which pushes out from the floor of the 
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Fig. 190 The deseent of 
the thyroid, shovving 
possible sites of eetopie 
thyroid tissne or 
thyroglossal eysts, and 
also the eonrse of a 
thyroglossalfistnla. (The 
arrow shows the fnrther 
deseent of the thyroid 
which may take plaee 
retrosternally into the 
snperior mediastinnm.) 


pharynx; this outgrowth then deseends to its definitive position in the neek. 
It normally loses all eonneetion with its origin which is eommemorated, 
however, by the foramen eaeenm at the junction of the middle and posterior 
thirds of the tongue and by the ineonstant pyramidal lohe on the isthmns 
(Fig. 190). 


eiinieal features 


1 The development of the thyroid aeeonnts for the rare oeenrrenee of the 
whole or a part of the gland remaining as a swelling at the tongue base 
{lingiial thyroid) and for the much eommoner oeenrrenee of a thyroglossal 
eyst or simis along the pathway of deseent. Such a sinus ean be disseeted 
from the midline of the neek along the front of the hyoid (in such intimate 
eontaet with it that the eentre of the hyoid must be excised during the dis- 
seetion) then backwards throngh the muscles of the tongue to the foramen 
caecum (Fig. 190). 

Deseent of the thyroid may go beyond the normal position in the neek 
down into the superior mediastinum (retrosternal goitré). 

2 A benign enlargement of the thyroid may eompress or displaee any of 
its elose relations; the traehea and oesophagns may be narrowed, with 
resnlting diffienlty in breathing and swallowing, and the earotid may be 
displaeed posteriorly. A eareinoma of the thyroid invades its neighbonrs 
rather than displaeing them — eroding into traehea or oesophagns, sur- 
rounding the earotid sheath and oeeasionally eansing severe haemorrhage 
therefrom. The reenrrent laryngeal nerve and the eervieal sympathetie 














The thyroid gland 


Fig. 191 The relationship 
of the recurrent laryngeal 
nerve to the thyroid 
gland and the inferior 
thyroid artery. (a) The 
nerve is usually deep to 
the artery but (b) may be 
superficial to it or (c) pass 
through its branehes. In 
these diagrams the lateral 
lobe of the thyroid is 
pulled forwards, as it 
would be in a 
thyroideetomy. 
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ehain may be involved, prodneing ehanges in the voiee and Horner's syn- 
drome respeetively. 

3 We have already noted, in dealing with the faseiae of the neek, that the 
thyroid gland is endosed in the pretraeheal faseia. This thyroid eapsnle is 
much denser in front than behind and the enlarging gland therefore tends 
to push backwards, burying itself round the sides and even the baek of the 
traehea and oesophagns. Beeanse of the attaehments of its faseial eom- 
partment, a large goitre will also extend downwards into the superior 
mediastinum ('plunging goitre'). 

Above, the pretraeheal faseia blends with the larynx, aeeoimting for the 
upward movement of the thyroid gland with eaeh aet of swallowing. 

4 Thyroideetomy is earried out through a transverse 'eollar' ineision, two 
fingers' breadth above the snprasternal noteh. This lies in the line of the 
natnral skin folds of the neek. Skin flaps are refleeted, together with 
platysma, and the investing faseia opened longitndinally between the strap 
mnseles and between the anterior jugular veins. 

If more room is required in the ease of a large goitre, the strap mnseles 
are divided; this is earried out at their upper extremity because their nerve 
supply (the ansa hypoglossi) enters the lower part of the mnseles and is 
henee preserved. 

The pretraeheal faseia is then divided, exposing the thyroid gland; 
unless this tissue plane deep to the faseia is found, disseetion is a difficult 
and bloody procedure. 

The thyroid is then mobilized and its vessels ligated seriatim. Both the 
reenrrent and superior laryngeal nerves are at risk during this proeednre 
and mustbe eareflilly avoided (Fig. 191). 

The parathyroìd glands (Fig. 192 ) 

These are usually four in number, a superior and inferior on either side; 
however, the nnmbers vary from two to six. Ninety per eent are in elose 
relationship to the thyroid, 10% are aberrant, the latter invariably being the 
inferior glands. 
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Fig. 192 The normal sites 
of the parathyroid glands 
(posterior aspeet). 


Eaeh gland is about the size of a split pea and is of a yellowish-brown 
eolonr. The snperior parathyroid is more eonstant in position than the 
inferior gland. It usually lies at the middle of the posterior border of the 
lobe of the thyroid above the level at which the inferior thyroid artery 
erosses the reenrrent laryngeal nerve. The inferior parathyroid is most 
usually situated below the inferior artery near the lower pole of the thyroid 
gland. The next eommonest site is within lem of the lower pole of the 
thyroid gland. Aberrant inferior parathyroids may deseend along the infe- 
rior thyroid veins in front of the traehea and may even traek into the supe- 
rior mediastinum in eompany with thymie tissnes, for which there is an 
embryologieal explanation (see below). Less eommonly the inferior gland 
may lie behind and ontside the faseial sheath of the thyroid and be found 
behind the oesophagns or even in the posterior mediastinnm. Only on 
extremely rare oeeasions are the glands aetnally eompletely buried within 
thyroid tissue (Fig. 193). 

Development 

The superior parathyroids differentiate from the 4th branehial pouch. The 
inferior gland develops from the 3rd pouch in eompany with the thymus 
(Fig. 194 and Table 4, p. 311). As the latter deseends, the inferior parathyroid 
is dragged down with it. 

It is thus easily understood that the inferior parathyroid may be 
dragged beyond the thyroid into the mediastinnm and why althongh very 
rarely parathyroid tissue is found aetnally within the thymus. 


eiinieal featnres 


1 These possible aberrant sites are, of course, of great importanee in 
searehing for a parathyroid adenoma in hyperparathyroidism. 

2 The parathyroids are usually safe in snbtotal thyroideetomy beeanse 
the posterior rim of the thyroid is preserved. However, they may be 
















The thyroid gland 
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Fig. 193 Normal and abnormal sites of the parathyroid glands (lateral view). 
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Fig. 194 The derivatives of the branehial ponehes. Note that the inferior parathyroid 
migrates downwards from the 3rd poneh whereas the snperior parathyroid (4th 
pouch) remains stationary. 
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inadvertently removed or damaged, with resnltant tetany due to the 
lowered serum calcium. 


The palate 


The palate separates the nasal and buccal eavities and eomprises: 

1 the hard palate—whìch is vault-shaped and made up of the palatine plate 
of the maxilla and the horizontal plate of the palatine bone; it is bonnded by 
the alveolar margin anteriorly and laterally and merges posteriorly with: 

2 the soft palate—han^ìn^ as a curtain between the naso- and oropharynx; 
eentrally it bears the uvula on its free posterior edge; laterally it blends into 
the anterior and posterior pillars of the fauces. 

The hard palate is made up of bone, periostenm and a squamous 
mucosa in which are embedded tiny aeeessory salivary glands. 

The framework of the soft palate is formed by the aponenrosis of the 
tensor palati muscle, which adheres to the posterior border of the hard 
palate. To this fibrous sheet are attaehed the palatine mnseles eovered by a 
mucous membrane, which is squamous on its buccal aspeet and eiliated 
eolnmnar on its nasopharyngeal surface. 

The sensory supply of the palate is largely from the maxillary division 
of V but fibres of IX supply its most posterior part. 

Motor innervation to the palatine muscles is from vagus (X) fibres in the 
pharyngeal plexus. The tensor palati is the exception to this rule and is sup- 
plied by the mandibular division of V. 

In speaking, swallowing and blowing, the soft palate eloses off the 
nasopharynx from the buccal eavity. If the palate is paralysed, as may occur 
in brain stem lesions or after diphtheria, the voiee is impaired and fluids 
regurgitate through the nose on swalIowing. 

The development of the faee, lips and palate 
wìth speeìal referenee to their eongenital 
deformities (Fig. i95) 

Around the primitive mouth, or stomodaeum, develop the following: 

1 ìhefrontonasal proeess which projeets down from the eraninm. Two olfae- 
tory pits develop in it and rupture into the pharynx to form the nostrils. 
Definitively, this proeess forms the nose, the nasal septum, nostril, the 
philtrnm of the upper lip (the small midline depression) and the premaxilla 
— the V-shaped anterior portion of the upper jaw which usually bears the 
four ineisor teeth; 

2 the maxillar\j proeesses on eaeh side, which fuse with the frontonasal 
proeess and beeome the eheeks, upper lip (exclusive of the philtrum), upper 
jaw and palate (apart from the premaxilla); 

3 the mandibnlar proeesses which meet in the midline to form the lower 
jaw. 
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Fig. 195 The ventral 
aspeet of a fetal head 
showmg the three 
proeesses, frontonasal, 
maxillary and 
mandibnlar, from which 
the faee, nose and jaws 
are derived. 
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Abnormalities of this complex fnsion proeess are numerous and eonsti- 
tute one of the eommonest groups of eongenital deformities. It is estimated 
that one ehild in 600 in England is born with some degree of either eleft lip 
orpalate (Fig. 196). 

Frequently, these anomalies are assoeiated with other eongenital eondi- 
tions such as spina bifida, syndaetyly (fusion of fingers or toes), ete. Indeed, 
it is good elinieal praetiee to seareh a patient with any eongenital defeet for 
others. 

The following anomalies are assoeiated with defeets of fusion of the 
faee. 

1 Maerostoma and mierostoma are eonditions where either too little or too 
great a elosnre of the stomodaenm occurs. 

2 eieft npper lip (or 'hare lip')—this is only very rarely like the upper lip of 
a hare, i.e. a median eleft, althongh this may occur as a failure of develop- 
ment of the philtrnm from the frontonasal proeess. Much more eommonly, 
the eleft is on one or both sides of the philtrnm, oeenrring as failnre of 
hision of the maxillary and frontonasal proeesses. The eleft may be a small 
defeet in the lip or may extend into the nostril, split the alveolns or even 
extend along the side of the nose as far as the orbit. There may be an assoei- 
ated eleftpalate. 

3 eieft lower lip — occurs very rarely but may be assoeiated with a eleft 
tongue and eleft mandible. 

4 eieft palate is a failnre of fusion of the segments of the palate. The follow- 
ing stages may occur (Fig. 196): 

(a) bifid uvula, of no elinieal importanee; 

(b) partial eleft, which may involve the soft palate only or the poste- 
rior part of the hard palate also; 

(e) eomplete eleft, which may be unilateral, rnnning the full length of 
the maxilla and then alongside one faee of the premaxilla, or bilateral in 
which the palate is eleft with an anterior V separating the premaxilla 
eompletely. 

5 inelnsion àermoids may form along the lines of fusion of the faee. The 
most eommon of these is the external angnlar àermoià at the lateral extremity 
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Fig. 196 Types of (a) eleft 
lip and (b) eleft palate. 


of the upper eyebrow. Oeeasionally this dermoid extends through the skull 
to attaeh to the underlying dura. 


The tongue and floor of the mouth 


The tongue 

The tongue eonsists of a buccal and a pharyngeal portion separated by a 
V-shaped groove on its dorsal surface, the sulcus terminalis. At the apex 
of this groove is a shallow depression, the foramen caecum, marking the 
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embryologieal origin of the thyroid (see page 286). Immediately in front of 
the sulcus lie a row of large vallate papilliae. 

The under aspeet of the tongue bears the median frenulum lingnae; 
the mucosa is thin on this snrfaee and the lingnal veins ean thus be seen 
on either side of the frenulum. The lingual nerve and the lingnal artery 
are medial to the vein but not visible. More laterally ean be seen a fringed 
fold of mucous membrane termed the pliea fimhriata. On either side of 
the base of the frenulum ean be seen the orifiee of the submandibular 
duct on its papilla. inspeet this in a mirror and note the diseharge of saliva 
when you press on your submandibular gland just below the angle of 
the jaw. 


Structure 

The thiek stratified squamous mucosa of the dorsum of the tongue bears 
papillae over the anterior two-thirds baek as far as the sulcus terminalis. 
These papillae (particularly the vallate) bear the taste buds. The posterior 
one-third has no papillae but earries numerous lymphoid nodules which, 
with the palatine tonsils and adenoids, make up the lymphoid ring of 
Waldeyer. 

Small glands are seattered throughout the submucosa of the dorsum; 
these are predominantly serous anteriorly and mucous posteriorly. 

The tongue is divided by a median vertieal fibrons septum, as indieated 
on the dorsum by a shallow groove. On eaeh side of this septum are the 
intrinsie and extrinsic muscles of the tongue (Fig. 197). 

The intrinsie mnseles are disposed in vertieal, longitndinal and trans- 
verse bnndles; they alter the shape of the tongue. 

The extrinsic mnseles move the tongue as a whole. They pass to the 
tongue from the symphysis of the mandible, the hyoid, styloid proeess and 
the soft palate, respeetively the genioglossns, hyoglossns, styloglossns and 
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Fig. 197 Lateral view of the tongue, its extrmsic muscles and its nerves. 
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palatoglossns. The functions of the individual extrinsic mnseles ean be 
dedneed from their relative positions (Fig. 197). Genioglossns protrndes 
the tongue, styloglossus retraets it and hyoglossns depresses it. Palatoglos- 
sus is, in faeh a palatal muscle and helps to narrow the oropharynx in 
swallowing. 

Blood supply 

Blood is snpplied from the lingnal braneh of the external earotid artery. 
There is little cross-circulation aeross the median raphe, which is therefore a 
relatively avasenlar plane. 

Lymph drainage (Fig.i98) 

The drainage zones of the mucosa of the tongue ean be gronped into three: 

1 the tip drains to the snbmental nodes; 

2 the anterior two-thirds drains to the snbmental and submandibular 
nodes and thenee to the lozver nodes of the deep eervieal ehain along the 
earotid sheath; 

3 the posterior one-third drains to the iipper nodes of the deep eervieal 
ehain. 

There is a rieh anastomosis aeross the midline between the lymphaties 
of the posterior one-third of the tongue so that a tumour on one side 
readily metastasizes to eontralateral nodes. In eontrast, there is little eross- 
eommimieation in the anterior two-thirds, where growths more than 0.5 in 
(12mm) from the midline do not metastasize to the opposite side of the 
neek till late in the disease. 



Circumvallate papíilae, which demareate 
anterior lwO'lhlrds from poslerior ihird of tongue 
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Fig. 198 Diagram of the 
lymph drainage of the 
tongue. Note two points. 
(i) The anterior part of the 
tongue tends to drain to 
the nodes farthest down 
the deep eervieal ehain, 
whereas the posterior 
part drains to the upper 
ehain. (ii) The anterior 
two-thirds of the tongue 
drain unilateraUy, the 
posterior one-third 
bilaterally. 
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Nerve supply 

The anterior two-thirds of the tongne reeeives its sensory snpply from the 
lingnal braneh of V which also transmits the gnstatory fibres of the ehorda 
tympani (VII). 

Gommon sensation and taste to the posterior one-third, inelnding the 
vallate papillae, are derived from IX. A few fibres of the snperior laryngeal 
nerve (X) earry sensory fibres from the posterior part of the tongne. 

All the mnseles of the tongne except palatoglossns are snpplied by XII; 
palatoglossns, a mnsele of the soft palate, is innervated by the pharyngeal 
braneh of X. 


Development (Fig. 199 ) 

A small nodnle, the tuberculum impar, is the first evidenee of the developing 
tongne in the floor of the pharynx. This is soon eovered over by the lingiial 
szvellings, one on eaeh side, derived from the first branehial areh. These fuse 
in the midline to form the definitive anterior two-thirds of the tongne sup- 
plied by V and reinforeed by ehorda tympani. 

Posteriorly, this mass meets the copula (or hypohranehial eminenee), a 
eentral swelling in the pharyngeal floor which represents the 2nd, 3rd and 
4th arehes and which forms the posterior one-third of the tongue (nerve 
supply IX and X). 

The tongue muscles derive from the oeeipital myotomes which migrate 
forward dragging with them their nerve supply (XIh the hypoglossal 
nerve). 
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Fig. 199 Development of the tongue. 
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eiinieal features 


1 Damage to the hypoglossal nerve is readily deteeted elinieally by hemi- 
atrophy of the tongne and deviation of the projeeted organ towards the 
paralysed side. 

2 If the unconscious or deeply anaesthetized patient is laid on his baek, the 
posterior aspeet of the tongue drops baek to produce a laryngeal obstrnetion. 
This ean be prevented either by lying the patient on his side with the head 
down ('the tonsil position'), when the tongue flops forward with the weight 
of gravity or by pushing the mandible forwards by pressnre on the angle of 
the jaw on eaeh side; this is effeetive because genioglossus, attaehed to the 
symphysis menti, drags the tongue forward along with the lower jaw. 

3 Althongh lymphaties pieree the floor of the mouth (i.e. the mylohyoid 
muscle) to reaeh the submental and submandibular lymph nodes, it is an 
interesting faet that these tissnes are not affeeted by lymphatie spread of 
malignant eells (althongh they may be invaded by direet extension of 
growth). It seems that the nodes are involved by lymphatie emboli and not 
by a permeation of the lymphatie ehannels. 

The bilateral lymphatie spread of growths of the posterior one-third of 
the tongue is one faetor contributing to the poor prognosis of tumours at 
this site. 


The floor of the mouth 


The floor of the mouth is formed prineipally by the mylohyoid mnseles. 
These streteh as a diaphragm from their origin along the mylohyoid line on 
the medial aspeet of the body of the mandible on eaeh side, to their inser- 
tion along a median raphe and into the hyoid bone. They snpport the 
tongue as a muscular sling (Fig. 200). 

On the lower aspeet of this diaphragm, on eaeh side, are the anterior 
belly of the digastrie muscle, the superficial part of the submandibular 
gland and the submandibular lymph nodes, all eovered by deep faseia and 
platysma. 

Lying above mylohyoid are the tongue muscles, as a eentral mass, with 
the sublingual salivary gland and the deep part of the submandibular gland 
and its duct lying beneath the mucosa of the mouth floor on either side. 


eiinieal features 


Lndzvig's angina is a cellulitis of the floor of the mouth, usually originating 
from a carious molar tooth. The infeetion spreads above the mylohyoid; 
oedema forees the tongue upwards and the mylohyoid itself is pushed 
downwards so that there is swelling both below the ehin and within the 
mouth. There is eonsiderable danger of spread of infeetion backwards with 
oedema of the glottis and asphyxia. 

Drainage is earried out by a deep ineision below the mandible which 
must divide the mylohyoid muscle. 
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Fig. 200 Goronal seetion of the floor of the mouth. 
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The pharynx 


The pharynx is a musculofascial tube, ineomplete anteriorly which extends 
from the base of the skull to the oesophagus and which aets as a eommon 
entranee to the respiratory and alimentary traets. 

From above downwards, it is made up of three portions (Fig. 201): 

1 the nasopharifnx — lying behind the nasal fossae and above the soft 
palate; 

2 the oropharynx~\ymg behind the anterior pillars of the fanees; 

3 the laryngopharynx—ìymg behind the larynx. 

The nasopharynx 

The nasopharynx lies above the soft palate, which cuts it off from the rest of 
the pharynx during deglutition and therefore prevents regnrgitation of 
food through the nose. 

Two important structures lie in this eompartment. 

The nasopharyngeal tonsil (The adenoids') eonsists of a eolleetion of lym- 
phoid tissue beneath the epithelinm of the roof and posterior wall of this 
region. It helps to form a continuous lymphoid ring with the palatine 
tonsils and the lymphoid nodnles on the dorsum of the tongue {Waldeyer's 
ring). 

The orifiee ofthe pharyngotympanie or anditory tuhe (Eiistaehian eanal) lies 
on the side-wall of the nasopharynx level with the floor of the nose. The 
posterior lip of this opening is prominent, due to the underlying eartilage of 
the Enstaehian tube, and is termed the Eiistaehian or pharyngeal eiishion, 
behind which lies the slit-like pharyngeal reeess. 
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Nasophdrynx and opening 
of Eostaehían tube 


Oropharynx 


Laryngopharynx 



Fig. 201 A sagittal seetion throagh the head and neek to show the snbdivisions of 
the pharynx. 


eiinieal features 


1 The nasopharynx may be inspeeted indireetly by a mirror passed 
throngh the month (posterior rhinoseopy) or stndied throngh a rhinoseope 
passed along the floor of the nose. Under anaesthesia, it ean be palpated by 
a finger passed behind the soft palate. 

2 The nasopharyngeal tonsils (adenoids) are prominent in ehildren but 
usually undergo atrophy after pnberty. When ehronieally inflamed they 
may all but fill the nasopharynx, eansing mouth-breathing and also, by 
bloeking the anditory tube, deafness and middle ear infeetion. 

3 The Enstaehian tube provides a ready pathway of sepsis from the 
pharynx to the middle ear and aeeonnts for the frequency with which otitis 
media eomplieates infeetions of the throat. 

4 The middle ear ean be intnbated throngh a eatheter passed into the 
Enstaehian tube. The eatheter is passed along the nasal floor to the posterior 
wall of the nasopharynx. Its curved tip is then rotated laterally so that it lies 
in the pharyngeal reeess; it is then withdrawn over the Enstaehian enshion 
to slip into the orifiee of the anditory tube. 

The oropharynx 

This part of the pharynx lies behind the mouth and tongue. Its anterior 
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Fig. 202 Diagram of the 
palatine tonsil and its 
relations—in horizontal 
seetion. 
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boundaries are the anterior pillars of the fauces and it extends from the 
uvula of the soft palate above to the tip of the epiglottis below. Its most 
important eontents are the palatine tonsils. 

The palatìne tonsìls 

The palatine tonsil lies in the tonsillar fossa between the anterior and poste- 
rior pillars of the fauces. The anterior pillar, or palatoglossal areh, forms the 
bonndary between the buccal eavity and the oropharynx; it fuses with the 
lateral wall of the tongue and eontains the palatoglossns muscle. The poste- 
rior pillar, or palatopharyngeal areh, blends with the wall of the pharynx and 
eontains the palatopharyngens (Fig. 202). 

The floor of the tonsillar fossa is formed by the snperior eonstrietor of 
the pharynx separated from the tonsil by the tonsillar eapsnle, which is a 
thiek eondensation of the pharyngeal submucosa (the pharyngobasilar 
faseia). This eapsnle is itself separated from the snperior eonstrietor by a 
film of loose areolar tissue. 

The palatine tonsil eonsists of a eolleetion of lymphoid tissue eovered 
by a squamous epithelium, a imique histologieal eombination which makes 
it easy to 'spofl in examinations. This epithelinm is pitted by erypts, up to 
twenty in number, and often bears a deep intratonsillar eleft in its upper part. 

The lymphoid material may extend up to the soft palate, down to the 
tongue or into the anterior faneial pillar. From late pnberty onwards this 
lymphoid tissue undergoes progressive atrophy. 

Blood snpply is prineipally from the tonsillar braneh of the faeial 
artery entering at the lower pole of the tonsil, althongh twigs are also 
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derived from the lingual, aseending palatine and aseending pharyngeal 
arteries. 

The venons drainage passes to the pharyngeal plexus. An important 
eonstant vein, the paratonsillar vein, deseends from the soft palate aeross the 
lateral aspeet of the tonsillar eapsnle. It is nearly always divided in tonsil- 
leetomy and may give rise to tronblesome haemorrhage. 

Lymph drainage is via lymphaties which pieree the snperior eonstrietor 
muscle and pass to the nodes along the internal jugular vein, espeeially the 
tonsillar or jngnlodigastrie node at the angle of the jaw. Sinee this node is 
affeeted in tonsillitis it is the most eommon lymph node in the body to 
nndergo pathologieal enlargement. 

Emhryologieally, the tonsil derives from the seeond internal branehial 
pouch (Fig. 194). 


eiinieal features 


1 Tonsilleetomy may be earried out by disseetion or by the guillotine; both 
depend on removing the lymphoid tissue and nnderlying faseial capsule 
from the loose areolar tissue elothing the snperior eonstrietor in the floor of 
the tonsillar fossa. In disseetion, an ineision is made in the mneosa of the 
anterior pillar immediately in front of the tonsil; the gland is then freed by 
blunt disseetion until it remains attaehed only by its pediele of vessels near 
its lower pole. This pediele is then ernshed and divided by means of a wire 
snare. 

In the seeond method, the gnillotine is applied so that the tonsil bulges 
through the ring in the instrnment. The tonsil is then removed by elosing 
the blade of the gnillotine. 

LJnless there have been repeated infeetions, the snperior eonstrietor lies 
separated from the palatine tonsil and its eapsnle by loose areolar tissue 
which prevents the pharyngeal wall being dragged into danger during 
tonsilleetomy. 

Similarly, the internal earotid artery althongh only lin (2.5 em) behind 
the tonsil, is never injnred in this operation sinee it lies safely freed from the 
pharynx by fatty tissue around the earotid sheath. 

2 A (piiinsy is suppuration in the peritonsillar tissue seeondary to tonsilli- 
tis. It is drained by an ineision in the most prominent part of the abseess 
where softening ean be felt. 

The laryngopharynx 

The laryngopharynx extends from the level of the tip of the epiglottis to the 
termination of the pharynx in the oesophagns at the level of C6. 

The inlet of the larynx, defined by the epiglottis, aryepiglottie folds 
and the arytenoids, lies anteriorly. The larynx itself bulges into this part of 
the pharynx leaving a deep reeess anteriorly on either side, the piriform 
fossa, in which sharp ingested foreign bodies (for example, fish bones), may 
lodge. 
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Oesophagys 
Fig. 203 The eonstrietor mnseles of the pharynx. 
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The structure of the pharynx 

The pharynx is made up of mucosa, submucosa, muscle and a loose areolar 
sheath. The mucosa is a eiliated columnar epithelinm in the nasopharynx 
but elsewhere it is stratified and squamous. Beneath this, the submucosa is 
thiek and fibrons (the pharyngohasilarfaseia) and it is this layer which forms 
the eapsnle of the tonsil. 

The three pharyngeal eonstrietor mnseles (snperior, middle and inferior) 
are arranged like £lower pots plaeed one inside the other, but are open in 
front at the entries of the nasal, bneeal and laryngeal eavities. 

Eaeh eonstrietor muscle is attaehed anteriorly to the side-wall of these 
eavities and fans out to insert into a median raphe along the posterior 
aspeet of the pharynx, extending from the base of the skull to the oesopha- 
gus (Fig. 203). 

Govering these mnseles is an areolar sheath continuous with that eover- 
ing the bneeinator and henee termed the hneeopharyngeal faseia. 

Blood supply 

The pharynx reeeives its arterial supply mainly from the snperior thyroid 
and aseending pharyngeal branehes of the external earotid. 

A pharyngeal venous plexus lies in the areolar sheath of the pharynx 
and drains into the internaljngnlar vein. 

























282 


The head and neek 


Nerve supply 

The pharyngeal branehes of IX and X eonstitnte the prineipal sensory and 
motor snpply of the pharynx respeetively The maxillary division of V sup- 
plies the sensory innervation of the nasopharynx. 

The meehanìsm of deglotìtìon 

The aet of swallowing not only eonveys food down the oesophagns but also 
disposes of mucus loaded with dust and baeteria from the respiratory pas- 
sages. Moreover, during deglntition, the Enstaehian anditory tube is 
opened, thus equalizing the pressnre on either side of the ear drum. 

Deglutition is a complex, orderly series of reflexes. It is initiated vol- 
nntarily but is eompleted by involuntary reflex aetions set up by stimu- 
lation of the pharynx. If the pharynx is anaesthetized then normal 
swallowing eannot take plaee. The reflexes are eoordinated by the deglnti- 
tion eentre in the mednlla, which lies near the vagal nucleus and the respi- 
ratory eentres. 

The food is first ernshed by mastieation and inbrieated by saliva. It is a 
eommon experience that it is well nigh impossible to swallow a pill when 
the throat is dry. The bolus is then pushed baek through the oropharyngeal 
isthmns by the pressnre of the tongue against the palate, assisted by the 
mnseles of the mouth floor. 

During swallowing, the oral, nasal and laryngeal openings must be 
elosed off to prevent regnrgitation throngh them of food or fluid; eaeh of 
these openings is gnarded by a highly effeetive sphineter meehanism. 

The nasopharynx is elosed by elevation of the soft palate, which shuts 
against a eontraeted ridge of snperior pharyngeal eonstrietor, the ridge of 
Passavant. At the same time, the tensor palati opens the ostium of the 
Eustachian tube. The oropharyngeal isthmns is partially bloeked by eon- 
traetion of palatoglossns on eaeh side, which narrows the spaee between 
the anterior faneial pillars. The residnal gap is elosed by the dorsum of the 
tongue wedging into it. 

The proteetion of the larynx is a complex affair, bronght about not only 
by elosnre of the sphineter meehanism of the larynx but also by tucking the 
larynx behind the overhanging mass of the tongue and by ntilizing the 
epiglottis to guide the bolus away from the laryngeal entranee. The eentral 
nervons eomponent of the swallowing reflex is depressed by nareoties, 
anaesthesia and eerebral tranma. In these eirenmstanees aspiration of 
foreign material into the pnlmonary tree beeomes possible, partienlarly if 
the patient is lying on his baek or in a head-up position. 

The laryngeal sphineters are at three levels: 

1 the aryepiglottie folds, defining the laryngeal inlek which are apposed 
by the aryepiglottie and oblique arytenoid mnseles; 

2 the walls of the vestibnle of the larynx, which are approximated by the 
thyroepiglottie mnseles; 

3 the voeal eords, which are elosed by the lateral erieoarytenoid and inter- 
arytenoid mneles. 

The larynx is elevated and pulled forward by the aetion of the 
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thyrohyoid, stylohyoid, stylopharyngeus, digastrie and mylohyoid 
mnseles so that it eomes into apposition with the base of the tongne, which 
is projeeting backwards at this phase. VVhile the larynx is raised and its 
entranee elosed there is reflex inhibition of respiration. 

The aetion of the epiglottis has been the snbjeet of much speculation. 
As the head of the bolus reaehes the epiglottis, the latter is first tipped 
backward against the pharyngeal wall and momentarily holds up the 
onward passage of the food. The larynx is then elevated and pulled 
forward, drawmg with it the epiglottis so that it now stands ereet, gniding 
the food bolus into streams along both piriform fossae and away from the 
laryngeal orifiee, like a roek stieking up into a waterfall. Finally, the epiglot- 
tis is seen indeed to flap backwards as a eover over the laryngeal inlet, but 
this occurs only after the main bolus has passed beyond it. The epiglottis 
aets as a laryngeal lid at this stage to prevent deposition of fragments of 
food debris over the inlet of the larynx during re-establishment of the 
airway. 

The erieopharyngens then relaxes, allowing the bolus to eross the 
pharyngo-oesophageal jnnetion. Fluids may shoot down the oesophagus 
passively under the initial impetns of the tongue aetion; semi-solid or solid 
material is earried down by peristalsis. The oesophageal transit time is 
about 15 seeonds, relaxation of the eardia oeenrring just before the peri- 
staltie wave reaehes it. Gravity has little effeet on the transit of the bolus, 
which occurs just as rapidly in the lying as in the ereet position. It is, of 
course, quite easy to swallow fluid or solids while standing on one's head, a 
well-known party triek; here oesophageal transit is inevitably an aetive 
muscular proeess. 


eiinieal features 


Pharyngeal pouch 

The inferior eonstrietor muscle is made up of an upper oblique and a lower 
transverse part, the former arising from the side of the thyroid eartilage (the 
thyropharyngens) and the latter from the erieoid (the erieopharyngens). 

Posteriorly, there is a potential gap between these two eomponents 
termed the phaiyngeal dimple or Killian's dehiseenee. The mucosa and submu- 
eosa of the pharynx may bulge through this weak area to form a pharyngeal 
pouch (Fig. 204), possibly as a result of muscle ineoordination or of spasm 
of the erieopharyngens. This diverticulum first protrudes posteriorly; as it 
enlarges, backward extension is prevented by the prevertebral faseia and it 
therefore has to projeet to one side of the pharynx — usually to the more 
exposed left. 

With further enlargement, the pouch pushes the oesophagus aside 
and lies direetly in line with the pharynx; most food then passes into the 
pouch with resulting severe dysphagia and cachexia. Spill of the pouch 
eontents into the larynx is very liable to cause inhalation of food material 
into the bronehi with respiratory infeetion and lung abseess as possible 
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Fig. 204 Apharyngeal 
pouch emerging between 
the two eomponents of 
the inferior eonstrietor 
muscle. 
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Fig. 205 External view of 
the larynx: (a) anterior 
aspeet; (b) anterolateral 
aspeet. 


The larynx 


The larynx has a triple fnnetion, that of an open valve in respiration, that of a 
partially elosed valve whose orifiee ean be modnlated in phonation, and that 
of a elosed valve, proteeting the traehea and bronehial tree dnring deglnti- 
tion. Coughing is only possible when the larynx ean be elosed effeetively 

The structures which form its framework are the epiglottis, thyroid ear- 
tilage, erieoid and the arytenoids (Fig. 205). 

The larynx is slung from the U-shaped hyoid bone by the thyrohyoid 
memhrane and thyrohyoid muscle. The hyoid bone itself is attaehed to the 
mandible and tongue by the hyoglossus, the mylohyoid, geniohyoid and 
digastrie muscles, to the styloid proeess by the stylohyoid ligament and 
muscle and to the pharynx by the middle eonstrietor. Three of the four 
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strap muscles of the neek, the omohyoid, sternohyoid and thyrohyoid, find 
attaehment to it, only the sternothyroid failing to gain it. 

The epiglottis is a leaf-shaped elastie eartilage lying behind the root of the 
tongue. It is attaehed anteriorly to the body of the hyoid by the hyoepiglottie 
ligament and below to the baek of the thyroid eartilage by the thyroepiglottie 
ligament immediately above the voeal eords. The sides of the epiglottis are 
eonneeted to the arytenoids by the aryepiglottie folds which run backwards 
to form the margins of the entranee, or aditns, of the larynx. 

The upper anterior surface of the epiglottis projeets above the hyoid 
bone; the epiglottie mucosa is refleeted forward to the base of the tongue 
and is raised up into a median glossoepiglottie fold and lateral pharyn- 
goepiglottie folds. The depression on either side between these folds is 
termed the valleenla. 

The thyroid eartilage is shield-like, being made up of two lateral plates 
meeting in the midline in the prominent 'V' of the 'Adam's apple', the 
laryngeal prominenee, which is easily visible in the postpnbertal male. 

The erieoid is signet-ring shaped, deepest behind. It is the only eomplete 
ring of eartilage throughout the respiratory traet. Inferiorly, it is attaehed to 
the traehea by the erieotraeheal membrane. 

The arytenoids sit one on eaeh side of the posterior 'signet' of the erieoid 
eartilage. 

In addition, there are two small noduIes of eartilage at the inlet of the 
Iarynx; the eornieidate eartilage, a noduIe lying at the apex of the arytenoid, 
and the enneiform eartilage, a flake of eartilage within the margin of the 
aryepiglottie fold. These are of no fnnetional importanee. They are, 
however, seen when the Iarynx is inspeeted throngh a laryngoseope (see 
Fig. 207) and, to the nninitiated, might mimie pathologieal nodnles. 

The eireothyroid membrane (erieovoeal membrane) eonneets the thyroid, 
erieoid and arytenoid eartilages. It is eomposed mainly of yeIIow elastie 
tissue. Its upper edge is attaehed anteriorly to the posterior surface of the 
thyroid eartilage and behind to the voeal proeess of the arytenoid. Between 
these two structures, the upper edge of the membrane is thiekened slightly 
to form the voeal ligament. Anteriorly, the membrane thiekens, as the 
erieothyroid ligament; this is subcutaneous, easily felt and is used in emer- 
geney erieothyroid puncture for laryngeal obstrnetion. 

Passing forward from the arytenoid to the baek of the thyroid eartilage, 
just below the epiglottie attaehment, are two folds of mucosa. The upper is 
the vestibidar fold, eontaining a small amount of fibrons tissue and forming 
on eaeh side thefalse voeal eord. The lower fold (the voealfold or eord) eon- 
tains the voeal ligament (Fig. 206). 

The mucosa is firmly adherent to the voeal ligament without there 
being any intervening submucosa. This aeeoimts for the pearly white, avas- 
cular appearanee of the voeal eords as seen on laryngoseopy. Oedema of the 
larynx eannot involve the true eords sinee there is no submucous tissue in 
which fluid ean eolleet. The spaee between the voeal eords is the rima glot- 
tidis. These folds demareate the larynx into three zones: 

1 the supraglottic eompartment (vestibide) above the false eords; 

2 the glottie eompartment between the false and true eords; 
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Fig. 206 (a) The internal 
structure of the larynx— 
the lamina of the thyroid 
eartilage has been cut 
away. (b) The larynx 
disseeted from behind, 
with erieoid eartilage 
divided, to show the true 
and false voeal eords 
with the sinus of the 
larynx between. 


3 the subglottic eompartment between the true eords and the first ring of 
the traehea. 

On either side of the larynx the pharynx forms a reeess, the piriform 
fossa, in which swallowed foreign bodies tend to lodge. 

The mnseles of the larynx hinetion to open the glottis in inspiration, 
elose the vestibnle and glottis in deglutition and alter the tone of the true 
voeal eords in phonation. 

The erieothyroid (Fig. 203) is the only extemal muscle of the larynx and 
tenses the voeal eord (the only muscle to do so), by a slight tilting aetion on 
the erieoid. It is supplied by the superior laryngeal nerve. 

The remaining mnseles constitute a single eneireling sheet whose 
various attaehments are denoted by the names of its separate parts: the 
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Fig. 206 {Continued). (c) 
The eartilages and 
ligaments of the larynx 
seen posteriorly. 
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thyroarytenoid, posterior and lateral erieoarytenoid, the aryepiglottie, 
thyroepiglottie and interarytenoid mnseles. These are all snpplied by the 
reenrrent laryngeal nerve. 

All these mnseles except one have a sphineter aetion; the exception is 
the posterior erieoarytenoid on eaeh side which, by rotating the arytenoids 
outwards, separates the voeal eords. 

Blood supply 

The larynx reeeives a snperior and inferior laryngeal artery from the supe- 
rior and inferior thyroid artery respeetively. These vessels aeeompany the 
snperior and reenrrent laryngeal nerves. 

Lymph draìnage 

Above the voeal eords the larynx drains to the upper deep eervieal and then 
to the mediastinal lymph nodes, some lymphaties passing via small nodes 
lying on the thyrohyoid membrane. 

Below the eords, drainage is to the lower deep eervieal nodes, partially 
via nodes on the front of the larynx and traehea. 

The voeal eords themselves aet as a eomplete barrier separating the two 
lymphatie areas, but posteriorly there is free communication between 
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them; a laryngeal eareinoma may thus seed throughout the lymphatie 
drainage area of the larynx. 

Nerve supply 

The nerve supply of the larynx is of great praetieal importanee and eom- 
prises the snperior and reenrrent laryngeal branehes of the vagus nerve (X). 

The superior laryngeal nerve passes deep to the internal and external 
earotid arteries where it divides; its internal braneh pierees the thyrohyoid 
membrane together with the snperior laryngeal vessels to supply the 
mucosa of the larynx down to the voeal eords. The external braneh passes 
deep to the superior thyroid artery to supply the erieothyroid muscle. 

The reenrrent laryngeal nerve has a different course on eaeh side. The 
right arises from the vagus as this erosses the front of the subclavian artery 
passes deep to and behind this vesseb then aseends behind the eommon 
earotid to lie in the traeheo-oesophageal groove aeeompanied by the 
inferior laryngeal vessels (Fig. 188). The nerve then passes deep to the infe- 
rior eonstrietor muscle of the pharynx to enter the larynx behind the 
erieothyroid artienlation. 

The left nerve arises on the areh of the aorta, winds below it, deep to the 
ligamentum arteriosum, and aseends to the traehea. It then lies in the 
traeheo-oesophageal groove and is distributed as on the right side. 

The reenrrent nerves supply all the intrinsie laryngeal muscles, apart 
from the erieothyroid, (supplied by the superior laryngeal nerve), and the 
mucosa below the voeal eords. 


eiinieal features 


1 The laryngeal nerves bear relationships to the thyroid arteries which are 
of eonsiderable praetieal importanee in thyroideetomy. The external braneh 
of the snperior laryngeal nerve lies immediately deep to the snperior 
thyroid artery and may be injured in ligating this vessel. 

The recurrent laryngeal nerve, lying in the traeheo-oesophageal groove, 
is usually behind the terminal branehes of the inferior thyroid artery. Oeea- 
sionally however, the nerve lies in front of these vessels or passes between 
them (Fig. 191). Moreover, when a large thyroid is pulled forward during 
thyroideetomy the nerve beeomes dragged forward with it and is therefore 
plaeed in further jeopardy. To avoid nerve damage during ligation of the 
inferior thyroid artery this proeednre should be earried out well laterally 
just as the artery emerges from behind the earotid sheath and before it takes 
up its intimate and ineonstant relationship to the nerve. 

2 Damage to the snperior nerve causes some weakness of phonation due 
to the loss of the tightening effeet of the erieothyroid muscle on the eord. 

3 Gomplete division of a recurrent laryngeal nerve causes the eord on the 
affeeted side to take up the neutral (or paramedian) position between 
abduction and addnetion. Usually the other eord is able to eompensate in a 
remarkable way and speeeh is not greatly affeeted; if both nerves are 
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Fig. 207 Diagram of the 
larynx as seen at 
laryngoseopy. 
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divided, however, the voiee is eompletely lost and breathing beeomes diffi- 
cult throngh the only partially opened glottis. 

4 If the reenrrent nerve is only bruised or partially damaged, the abduc- 
tors (posterior erieoarytenoids) are affeeted more than the addnetors; this is 
known as Semon's lazv. The affeeted eord adopts the midline addneted posi- 
tion. In bilateral ineomplete paralysis, therefore, the eords eome together, 
stridor is intense and traeheotomy may beeome essential. 

5 The left recurrent laryngeal nerve, in its thoraeie course, may beeome 
involved in a bronehial or oesophageal eareinoma, or in a mass of enlarged 
mediastinal nodes, or may beeome stretehed over an aneurysm of the aortie 
areh. The enlarged left atrium in advaneed mitral stenosis may prodnee a 
reenrrent laryngeal palsy by pnshing up the left pulmonary artery which 
eompresses the nerve against the aortie areh. 

Either nerve, in the neek, may be damaged by an extending thyroid 
eareinoma or malignant lymph nodes. For these reasons, loss of voiee 
must always be regarded as an ominons symptom requiring earefnl 
investigation. 

6 The larynx ean be inspeeted either direetly, by means of the rigid or 
fibreoptie laryngoseope, or indireetly through a laryngeal mirror. The base 
of the tongue, valleculae, epiglottis, aryepiglottie folds and piriform fossae 
are viewed, then the false eords, which are red and widely apart, then, 
between these, the pearly white true eords (Fig. 207). 

For the passage of the rigid laryngoseope, endotraeheal tube or bron- 
ehoseope it is essential to know the position which brings the axes of the 
mouth, oropharynx and laryngeal inlet into line; this is aehieved by bring- 
ing the neek forward and at the same time extending the head fully at the 
atlanto-oeeipital joint—it is the position in which one sniffs at the fresh air 
after a long day in the operating theatre. 
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The parotìd gland 

This is the largest of the salivary glands, lying wedged between the 
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Fig. 208 The parotid and its surrounds in a sehematie horizontal seetion—the faeial 
nerve is the most snperfieial of the structures traversing the gland. (The line of 
seetion is shovvn in the inset head.) 


mandible and sternoeleidomastoid and overflowing both these bonnding 
structures (Fig. 208). 

Relations 

• Above—lie the extemal auditory meatus and temporomandibnlar joint. 

• Below—it overflows the posterior belly of digastrie. 

• Anteriorly—it overflows the mandible with the overlying masseter. 

• Medially — lies the styloid proeess and its muscles separating the 
parotid from the internal jugular vein, internal earotid artery last four 
eranial nerves and the lateral wall of the pharynx. 

The gland itself is enelosed in a split in the investing faseia, lying both 
on and below which are the parotid lymph nodes. Antero-inferiorly this 
parotid faseia is thiekened and is the only structure separating the parotid 
from the submandibular gland (the stylomandibnlar ligament). 

Traversing the gland (from without in) are: 

1 the f aeial nerve (see below); 

2 the retromandibnlar (posterior faeial) vein, formed by the jnnetion of 
the snperfieial temporal and maxillary veins (See Fig. 216); 

3 the external earotid artery dividing at the neek of the mandible into its 
snperfieial temporal and maxillary terminal branehes. 

The parotid duct (ofStensen) is 2in (5cm) long. It arises from the anterior 
part of the gland, runs over the masseters a finger's breadth below the 
zygomatie areh to pieree the bneeinator and open opposite the seeond 
upper molar tooth. inspeet this in the mirror in your own mouth. The duct 
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ean easily be felt by a finger rolled over the masseter if this mnsele is tensed 
by elenehing the teeth. 

The relations of the faeial nerve to the parotid 

The faeial nerve is unique in traversing the substance of a gland, a faet of 
eonsiderable importanee to the snrgeon. This coexistence is explained 
embryologieally; the parotid gland develops in the eroteh formed by the 
two major branehes of the faeial nerve. As the gland enlarges it overlaps 
these nerve trimks, the snperfieial and deep parts fuse and the nerve eomes 
to lie buried within the gland. The fanciful eomparison between the nerve 
and the two parotid lobes and sandwich-filling between two sliees of bread 
is not valid beeanse the two lobes of the parotid eome to fuse intimately 
with eaeh other both around and between the branehes of the nerve. 

The faeial nerve emerges from the stylomastoid foramen, winds later- 
ally to the styloid proeess and ean then be exposed surgically in the 
inverted V between the bony part of the external anditory meatns and the 
mastoid proeess. This has a useful surface marking, the intertragie noteh of 
the ean which is situated direetly over the faeial nerve. 

Just beyond this point the nerve dives into the posterior aspeet 
of the parotid gland and bifurcates almost immediately into its two main 
divisions (oeeasionally it divides before entering the gland). The upper 
division divides into temporal and zygomatie branehes; the lower division 
gives the hiieeal, mandihtilar and eervieal branehes (Figs 209 and 264). 

These two divisions may remain eompletely separate within the 
parotid, may form a plexus of intermingling eonneetions, or, most usually 
display a number of cross-communications which ean be safely divided 
during disseetion without jeopardy. 


Fig. 209 The named 
branehes of the faeial 
nerve which traverse the 
parotid gland. 
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The branehes of the nerve then emerge on the anterior aspeet of the 
parotid to lie on the masseter, thenee to pass to the mnseles of the faee. No 
branehes emerge from the snperfieial aspeet of the gland, which ean there- 
fore be eompletely exposed with impnnity. 


eiinieal features 


1 A malignant tumour of the parotid gland, unlike benign lesions, may 
involve VII and prodnee a faeial palsy. 

2 In removing a benign mixed salivary tumour of the parotid, the faeial 
nerve is exposed posteriorly in the wedge-shaped spaee between the bony 
eanal of the extemal anditory meatns and the mastoid proeess. It is then 
traeed into the gland, its main divisions defined and the tumour excised 
with a wide margin of normal gland, earefnlly preserving the exposed 
nerves. 

It is interesting that giant mixed tumours 'extrude' elear away from the 
faeial nerve and ean be excised with an adequate margin without even 
seeing the nerve. 

3 The parotid duct and its ramifieations ean be demonstrated radiologi- 
eally by injeeting radio-opaque eontrast throngh a eannnla plaeed in the 
mouth of the duct (a parotid sialogram). 

The submandibular gland 

The submandibular gland is made up of a large superficial and a small deep 
lobe which eonneet with eaeh other around the posterior border of the 
mylohyoid. 

The snperfieial lobe of the gland lies at the angle of the jaw, wedged 
between the mandible and the mylohyoid and overlapping the digastrie 
muscle (Fig. 200). Posteriorly it eomes into eontaet with the parotid gland, 
separated only by a eondensation of its faseial sheath (the stylomandibnlar 
ligament). 

Snperfieially the gland is eovered by platysma and by its eapsnle of 
deep faseia, but it is erossed by the eervieal braneh of the faeial nerve (VII) 
and by the faeial vein. Its deep aspeet lies against the mylohoid for the most 
part, but posteriorly the gland rests against the hyoglossns muscle and here 
eomes into eontaet with the lingnal (V) and the hypoglossal nerve (XII), 
both of which lie on hyoglossns as they pass forward to the tongue. 

The faeial artery also eomes into elose relationship with the gland, 
approaehing it posteriorly, then arehing over its snperior aspeet (which it 
grooves), to attain the inferior border of the mandible and thenee to aseend 
on to the faee in front of the masseter. 

From the medial aspeet of the snperfieial part of the gland projeets its 
deep prolongation along the hyoglossns. 

The siibmandihnlar diiet {VVharton's duct) arises from this deep part of the 
gland and runs forward, beneath the mucosa of the floor of the mouth 
along the side of the tongue, to open immediately at the side of the frenu- 
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lum lingnae (Fig. 197). Here its orifiee is readily visible and saliva ean be 
seen triekling from it. 

The sublingual gland (vide infra) lies immediately lateral to the sub- 
mandibular duct. 

The lingual nerve reaehes the tongue by passing from the lateral side of 
the duct below and then medial to it—thus 'double-crossing' it. 

The snhmandihidar lymph nodes lie partly embedded within the gland 
and partly between it and the mandible. 


eiinieal features 


1 The rather complex relations of this gland have been given at some 
length beeanse excision of the gland for calculus or tumour is not uncom- 
mon. This operation is earried out through a skin erease ineision below the 
angle of the jaw. 

The mandibular braneh of VII passes behind the angle of the jaw rather 
less than 1 ineh from it before arehing upwards over the body of the 
mandible to supply the depressor of the lip. The ineision must therefore be 
plaeed rather more than lin (2.5 em) below the angle of the jaw in order to 
preserve this nerve. 

2 The presenee of small lymph nodes aetnally within the snbstanee of the 
gland makes removal of the gland an imperative part of bloek disseetion of 
the neek. 

3 In differentiating between an enlarged submandibular gland and a 
mass of submandibular lymph nodes, one remembers that the gland lies 
not only below the mandible but also extends into the floor of the mouth; it 
ean therefore be palpated bimannally between a finger in the mouth and a 
finger below the angle of the jaw. Try this on yonrself. Enlarged lymph 
nodes are felt only at the latter site. 

4 A stone in Wharton's duct ean be felt bimannally in the floor of the 
mouth and ean be seen if snffieiently large. 

The sublìngual gland 

This is an almond-shaped salivary gland lying immediately below the 
mucosa of the floor of the mouth and immediately in front of the deep 
part of the submandibular gland. Laterally it rests against the sublingual 
groove of the mandible while medially it is separated from the base of the 
tongue by the submandibular duct and its elose eompanion, the lingual 
nerve (Fig. 197). 

The gland opens by a series of ducts into the floor of the mouth and also 
in the submandibular duct. 

The sublingual gland produces a mucous seeretion, the parotid a serous 
seeretion and the submandibular gland a mixture of the two. 

As well as these main salivary glands, small aeeessory glands are found 
seattered over the palate, lips, eheek, tonsil and tongue. These glands are 
oeeasional sites for development of a mixed salivary tumour. 
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The eommon earotìd arteries 

The left eommon earotid artery arises from the aortie areh in front and to the 
right of the origin of the left snbelavian artery. It passes behind the left 
sternoelavienlar joint, lymg in its thoraeie eonrse at first in front and then to 
the left side of the traehea, with the left lung and pleura, the vagus and the 
phrenie nerve as its lateral relations. 

The right eommon earotid artery begins behind the right sternoelavienlar 
joint at the bifnreation of the braehioeephalie artery. 

In the neek, both eommon earotids have essentially similar eonrses and 
relationships; they aseend in the earotid faseial sheath which eontains also 
the internal jugular vein laterally, and the vagus nerve between and rather 
behind the artery and vein. The eervieal sympathetie ehain aseends imme- 
diately posterior to the earotid sheath. These structures form a quartet 
which should always be eonsidered in this inseparable manner; the rela- 
tions of any one are those of the other three (Figs 188,210). 

In the neek, eaeh eommon earotid artery lies on the eervieal transverse 
proeesses, separated from them by the prevertebral mnseles. Medially are 
the larynx and traehea, with the reenrrent laryngeal nerve, pharynx and 
oesophagns, together with the thyroid gland, which overlaps on to the ante- 
rior aspeet of the earotid. Snperfieially the artery is eovered by the stemoelei- 
domastoid and, in its lower part, by the strap mnseles and is erossed by the 
intermediate tendon of omohyoid. 

The eommon earotid artery gives off no side branehes but terminates at 
the level of the upper border of the thyroid eartilage (at the vertebral level 
C4) into the external and internal earotids, which are more or less equal in 
size. 


The external earotìd artery 

This artery lies first deep to the anterior border of the sternoeleidomas- 
toid and then quite superficially in the anterior triangle of the neek, where 
its pnlsations are usually visible as well as palpable. At first it is slightly 
deep to the internal earotid, then passes anterior and lateral to it. The inter- 
nal jugular vein is first lateral to the external earotid then posterior to it, 
eoming into lateral relationship to the internal earotid. The pharynx lies 
medially. 

The extemal earotid artery aseends beneath the XII nerve and the poste- 
rior belly of the digastrie to enter the parotid gland, within which it lies 
deep to the faeial nerve and the retromandibnlar vein (Fig. 208). 

The artery ends within the parotid gland at the level of the neek of the 
mandible by dividing into the snperfieial temporal and internal maxillary 
arteries. 
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Fig. 210 The earotid arteries, their branehes and their related nerves. 


Branehes (Fig. 210 ) 

1 The snperior thyroid artery (giving off the snperior laryngeal artery). 

2 The lingnal artery, passing deep to the hyoglossns to snpply the tongne. 

3 The faeial artery, which gives off its important braneh to the palatine 
tonsil, loops over the snbmandibnlar gland, hooks ronnd the mandible 
(against which it ean be felt pnlsating), and aseends on to the faee. 

4 The oeeipital artery, rnnning along the inferior border of the digastrie 
mnsele's posterior belly grooving the inferior aspeet of the temporal bone, 
to the baek of the sealp, where its pnlse is often palpable. 

5 The posterior anrieidar artery, which snpplies the skin of the baek of the 
ear and behind the ear. 

6 The aseending pharyngeal artery, the smallest braneh, aseends between 
the internal earotid and the pharynx, which it helps snpply. Its terminal 
branehes are: 

• the snperfieial temporal artery, which is palpable on the zygomatie 
proeess; 

• the internal maxillary artery, which snpplies the npper and lower 
jaws, nasal eavity and the mnseles of mastieation, aeeompanying the 
varions branehes of the maxillary division of the trigeminal nerve, and 
also gives off the middle meningeal artery This small vessel aseends 
throngh the foramen spinosnm and helps to snpply the meninges. Its 
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praetieal importanee is that it may be torn in a skull fracture and result 
in the formation of an extradural haematoma. 


The ìnternal earotìd artery 

This artery eommenees at the bifnreation of the eommon earotid, and, at its 
origin, is dilated into the earotid sinus. This area reeeives a rieh nerve supply 
from the glossopharyngeal nerve (IX) and aets as a pressor-reeeptor; throngh 
this meehanism a rise of blood pressnre brings about reflex slowing of the 
heart and peripheral vasodilatation. Tucked deep to the bifurcation is the 
smalb yellowish earotid hody which is also snpplied by IX. This is a ehemore- 
eeptor which prodnees a reflex inerease in respiration in response to any rise 
in eO^ tension or fall in the oxygen tension of the blood. 

The internal earotid lies first lateral to the external earotid but rapidly 
passes medial and posterior to it, to aseend along the side-wall of the 
pharynx. It does so with the internal jugular vein, vagus and eervieal sym- 
pathetie ehain in the same relationship to it that they bear to the eommon 
earotid artery. At first the artery is eovered snperfieially only by the 
sternoeleidomastoid, the hypoglossal nerve (XII) and the eommon faeial 
vein; it then passes under the posterior belly of the digastrie muscle and 
parotid gland to the base of the skull. It is separated from the external 
earotid artery not only by the parotid but also by the styloid proeess and the 
mnseles arising from it, by IX and by the pharyngeal branehes of the vagus 
nerve (X). 

At the base of the sknll, the internal earotid artery enters the earotid 
eanal in the petrons temporal bone. Only at the skull base does the internal 
jugular vein lose its elose lateral relation to the internal earotid, passing pos- 
terior to the artery into the jugular foramen. At this point the two vessels are 
separated by the emerging last four eranial nerves. 

The artery gives off no branehes in the neek. 

The internal earotid, on entering the skulb eommenees an extraordinary 
twisted course. It passes forwards through the temporal bone, upwards 
into the eavernons sinus^ forward in this, upwards through the roof of the 
sinus to lie medial to the anterior elinoid proeess, turns baek on itself above 
the eavernons sinus, then passes up onee more, lateral to the optie ehiasma, 
to end by dividing into the anterior and middle eerehral arteries. There are 
thus six bends in the intraeranial course of this artery (readily appreeiated 
by studying a lateral earotid arteriogram) which are believed to lessen the 
pnlsating foree of the arterial systolie blood pressnre on the delieate eere- 
bral tissnes. 

The ophthalmie artery originates from the internal earotid immediately 
after its emergenee from the eavernons sinus, enters the orbit throngh the 
optie foramen below and lateral to the optie nerve and snpplies the orbital 
eontents and the skin above the eyebrow (via the snpratroehlear and supra- 
orbital branehes). Its most important braneh, however, is the eentral artery of 
the retina which is the sole blood supply to this structure. 

The two terminal branehes of the internal earotid are distribnted as 
follows (Fig. 211). 
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Fig. 211 The arterial supply of the eerebral cortex. (a) Lateral aspeet. (b) Medial 
aspeet. 


The anterior eerebral artery winds round the genu of the corpus callosum 
to supply the medial and snperolateral aspeet of the eerebral hemisphere. 

The middle eerebral artery enters the lateral eerebral sulcus, gives off 
eentral branehes to supply the internal eapsnle (The artery of eerebral haemor- 
rhage') and feeds most of the lateral aspeet of the eerebral cortex. 

The arterial eirele ofVJillis (Fig. 212) is eompleted in front by the anterior 
eommnnieating artery, which links the two anterior eerebral arteries, and 
behind by a posterior eomnmnieating artery on eaeh side, passing backwards 
from the internal earotid to anastomose with the posterior eerebral, a 
braneh of the basilar artery, the latter being formed by the jnnetion of the two 
vertebral arteries. 


eiinieal features 


The eommon earotid artery ean be exposed through a transverse ineision 
over the origin of the sternoeleidomastoid immediately above the sterno- 
elavienlar joint. The earotid sheath lies immediately deep to the jnnetion 
between the stemal and elavienlar heads of the sternoeleidomastoid and is 
revealed either by retraeting this muscle laterally or by splitting between its 
heads. Opening the sheath then reveals the artery lying medial to the inter- 
nal jugular vein. 
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Fig. 212 The eirele of VVillis. 


Ligation of the eommon earotid artery may be performed for intraera- 
nial anenrysm arising on the internal earotid. This operation is effeetive 
beeanse it lowers the blood £low throngh the anenrysm, allowing thrombo- 
sis to occur. Adequate blood supply to the brain on the affeeted side is pro- 
vided by free eommnnieation between the branehes of the external earotid 
arteries on eaeh side. VVithin the eraninm, cross-circulation occurs through 
the eirele of Willis. 

The internal and external earotids, as well as the terminal part of the 
eommon earotid artery, ean be exposed throngh an ineision along the 
anterior border of the sternoeleidomastoid passing downwards from 
the angle of the jaw. The sternoeleidomastoid is retraeted, the eommon 
faeial vein divided, but the hypoglossal nerve, erossing the external and 
internal earotids just below the posterior belly of the digastrie, is carefully 
preserved. 

It may be surprisingly diffienlt to differentiate between the external and 
internal earotids at operation; the former is the anterior and rather deeper- 
plaeed vessel at origin and, morever, is the only earotid in the neek which 
gives off branehes. 

The subclavìan arterìes (Fig. 213 ) 

The left siibelavian artery arises from the areh of the aorta, immediately 
behind the eommeneement of the left eommon earotid artery. It aseends 
against the mediastinal snrfaee of the left Iung and pleura laterally and the 
traehea and oesophagns medially to lie behind the sternoelavienlar joint. 

The right snbelavian artery is formed behind the right sternoelavienlar 
joint by the bifnreation of the braehioeephalie artery; beyond this point, the 
course of the two arteries is much the same. 

The eervieal course of the subclavian arteries is eonveniently divided by 
the sealenns anterior muscle into three parts. 
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Fig. 213 The root of the neek. For elarity, only the vagus nerve is shovvn on the right 
and only the phrenie nerve on the left, as this lies on scalenus anterior. 


The first part arehes over the dome of the pleura and lies deeply plaeed 
beneath the sternoeleidomastoid and the strap mnseles. It is erossed at its 
origin by the earotid sheath and, more laterally, by the phrenie and vagus 
nerves. At this site, on the right side, the vagus gives off its recurrent laryn- 
geal braneh which hooks behind the artery 

On the left side, the thoraeie duct erosses the first part of the artery to 
open into the eommeneement of the left branehioeephalie vein. 

The seeond part of the artery lies behind sealenns anterior which sepa- 
rates it from the snbelavian vein. Behind lie sealenns medius and also the 
middle and upper trunks of the braehial plexus. 

The third part extends to the lateral border of the first rib against which 
it ean be eompressed and its pulse easily felt, sinee here it is just below the 
deep faseia. Immediately behind the artery is the lower trunk of the braehial 
plexus which is, in f aet, responsible f or the 'snbelavian groove' on the first rib. 
Its branehes are: 

• Istpart 

1 The vertebral artery 

2 The thyroeervieal trunk: 

(a) inferior thyroid artery 

(b) transverse eervieal artery 
(e) suprascapular artery 

3 The internal thoraeie artery 

• 2nd part — the eostoeervieal trunk (snpplying deep structures of the 
neek via its deep eervieal braneh, and the snperior intereostal artery, which 
gives off the Ist and 2nd posterior intereostal arteries). 

• 3rd part—gives no eonstant braneh. 
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The vertebral artery 

This is the most important of the branehes of the snbelavian artery. It 
erosses the dome of the plenra, traverses the transverse foramina of the 
npper six eervieal vertebrae, then tnrns posteriorly and medially over the 
posterior areh of the atlas to enter the eranial eavity at the foramen magnnm 
by piereing the dura mater. It then runs on the anterolateral aspeet of 
the mednlla to join its fellow in front of the pons to form the hasilar artery 
(Fig.212). 

The following are the important branehes of the vertebral artery: 

1 anterior and posterior spinal arteries; 

2 posterior inferior eerebellar artery 
From the basilar: 

3 anterior inferior eerebellar artery; 

4 snperior eerebellar artery; 

5 posterior eerebral artery (snpplying the oeeipital lobe and medial aspeet 
of the temporal lobe; Fig. 211). 

In addition, in the neek, the vertebral artery gives off spinal branehes to 
the eervieal spinal eord and vertebrae and muscular branehes. VVithin the 
foramina transveraria it is aeeomparied by vertebral veins and a sympa- 
thetie plexus which, together with the earotid plexus, provides sympathetie 
fibres to the eranial eontents. 


eiinieal features 


1 The right snbelavian artery is grafted end-to-side into the right pul- 
monary artery to short-circuit the pulmonary stenosis of the tetralogy of 
Fallot (Blaloek's operation) (see Fig. 33). It is important to note, therefore, 
that variations occur in the origins of the right snbelavian artery, which may 
arise direetly from the aortie areh either as its first or as its last braneh. In the 
latter ease, the right snbelavian artery passes behind the traehea and 
oesophagns in the course to the neek; this vessel may then eompress the 
oesophagns and prodnee diffienlty in swallowing {dysphagia lusoria). Oeea- 
sionally, the left snbelavian artery has a eommon origin with the left earotid 
from the aortie areh. 

2 An anenrysm of the snbelavian artery is not rare; it never involves the 
thoraeie part of the snbelavian and its site of eleetion is the third part of the 
artery. The elose relation of the snbelavian artery to the braehial plexus 
accounts for the pain, weakness and nnmbness in the arm which aeeom- 
pany this lesion. Oedema of the arm may result in eompression of the sub- 
elavian vein. 

3 A eervieal rib may elevate the snbelavian artery and render it imduly 
palpable; under these eirenmstanees it may elosely simnlate an anenrysm 
and, in faeh there may be anenrysmal dilation of the artery distal to the 
edge of the eervieal rib. Vasenlar ehanges in the arm assoeiated with a eervi- 
eal rib are probably due to peripheral emboli thrown off from thrombi 
forming on the walls of the eompressed snbelavian artery. 
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The veíns of the head and neek 


The eerebral venous system 

The venous drainage of the brain follows two pathways: 

1 the snperfieial structures, e.g. the eerebral and eerebellar eortiees, drain 
to the nearest available dural sinus (see below) by thin-walled veins; 

2 the deep structures drain throngh the internal eerebral vein on eaeh side, 
which is formed at the interventrienlar foramen by the jnnetion of the 
ehoroid vein (draining the ehoroid plexus of the lateral ventriele) with the 
thalamostriate vein (draining the basal ganglia). 

The two internal eerebral veins unite to form the great eerebral vein 
(the vein of Galen) which emerges from under the splenium of the corpus 
callosum to join the inferior sagittal sinus in the formation of the straight 
sinus. 


The venous sìnuses of the dura (Fig.2i4) 

The venous sinuses lie between the layers of the dura. They reeeive the 
venous drainage of the brain and of the skull (the diploie veins) and disgorge 
nltimately into the intemal jugular vein. They also eommnnieate with the 
veins of the sealp, faee and neek via emissary veins which pass through a 
number of the foramina in the skull. 

The siiperior sagittal sinns lies along the attaehed edge of the falx eerebri 
and ends posteriorly (usually) in the right transverse sinus. Connecting 
with it are a number of venous lakes (laennae laterales) into which projeet the 
Paeehionian bodies of araehnoid, filtering eerebrospinal fluid (C.S.F.) baek 
into the blood. 

The inferior sagittal sinns lies in the free margin of the falx eerebri and 
opens into the straight sinus. 

The straight sinns lies in the tentorinm eerebelli along the attaehment of 
the falx eerebri. It is formed by the jnnetion of the great eerebral vein of 
Galen with the inferior sagittal sinus and runs backwards to open (usually) 
into the left transverse sinus. 

The transverse simises eommenee at the internal oeeipital prohiberanee 
and run in the tentorinm eerebelli on either side along its attaehed margin. 
On reaehing the mastoid part of the temporal bone eaeh passes down- 
wards, forwards and medially as the sigmoid simis to emerge throngh the 
jugular foramen as the internal jngtdar vein. 

The eavernons sinnses (Fig. 215) lie one on either side of the body of the 
sphenoid against the fibrons wall of the pitnitary fossa and rest inferiorly 
on the greater sphenoid wing. They eommnnieate freely with eaeh other via 
the intereavernoiís simises. 

Traversing the eavemons sinus are the earotid artery and the eranial 
nerves 111, IV, V (ophthalmie and maxillary divisions) and VI. Lying above 
the eavernons sinus are three important stmehires — the optie traet, the 
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Fig. 214 The venous dural sinuses. (a) Lateral and (b) superior view. 
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uncus of the temporal lobe of the cerebrum and the internal earotid artery, 
which first pierees the roof of the sinus then donbles baek to lie against it. 

The ophthalmie veins drain into the anterior aspeet of the eavernons 
sinus which also links up, through these veins, with the pterygoid venous 
plexus and the anterior faeial vein. The cavernous sinus also reeeives 
venous drainage from the brain (the siiperfieial middle eerebral vein) and from 
the dura (the sphenoparietal sinns). 

Posteriorly, the snperior and inferior petrosal shmses drain the eavemons 
sinus into the sigmoid sinus and into the eommeneement of the internal 
jugular vein respeetively. 


eiinieal features 


1 The eavemons sinus is liable to sepsis and thrombosis as a result of 
spread of superficial infeetion from the lips and faee via the anterior faeial 
and ophthalmie veins, or from deep infeetions of the faee via the pterygoid 
venous plexus around the pterygoid mnseles, or from suppuration in the 
orbit or aeeessory nasal sinnses along the ophthalmie vein and its tribu- 
taries. A eharaeteristie picture results—bloekage of the venous drainage of 
the orbit causes oedema of the conjunctiva and eyelids and marked exoph- 
thalmos, which demonstrates transmitted pnlsations from the internal 
earotid artery. Pressnre on the eontained eranial nerves resnlts in ophthal- 
moplegia. Examination of the fundus shows papilloedema, venous 
engorgement and retinal haemorrhages, all resnlting from the aentely 
obstrneted venous drainage. 

2 Fraetnres of the skull or penetrating injnries of the skull base may 
rupture the internal earotid artery within the eavernons sinus. A earotieo- 
cavernous arteriovenous fistula results with pulsating exophthalmos, a 
loud bruit easily heard over the eye and, again, ophthalmoplegia and 
marked orbital and eonjnnetival oedema due to the venous pressure within 
the sinus being raised to arterial level. 

3 The sigmoid and transverse sinnses are often together termed the lateral 
simis by elinieians. Close relationship to the mastoid and middle ear renders 
these sinnses liable to infeetive thrombosis seeondary to otitis media. 

Spread of infeetion or thrombosis from the lateral sinus to the sagittal 
sinus may cause impaired C.S.F. drainage into the latter and therefore the 
development of a hydroeephalns—this syndrome of raised C.S.F. pressnre 
assoeiated with sinus thrombosis following ear infeetion is termed otitie 
hydroeephaliis. 

It is also possible for sagittal sinus thrombosis to follow infeetions of the 
skull, nose, faee or sealp beeanse of its diploie and emissary vein eonnee- 
tions; if there were no emissary veins, infeetions of the faee and sealp would 
never have aehieved their sinister repntation. 

The ìnternal jugular veìn 

The intemal jugular vein runs from its origin at the jugular foramen (where 
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it eontinnes the sigmoid sinus) to its termination behind the sternal extrem- 
ity of the elaviele, where it joins the snbelavian vein to form the braehio- 
eephalie vein. 

It lies lateral first to the intemal and then to the eommon earotid artery 
within the earotid sheath and its relations are therefore identieal with these 
vessels (Fig. 210). The deep eervieal ehain of lymph nodes lies elose against 
the vein and, if involved by malignant or inflammatory disease, may 
beeome densely adherent to the vein. Tearing of the jugular vein for this 
reason is far from rare in disseetions of tuberculous eervieal lymph nodes. 
Its tribntaries are: 

1 the pharyngeal venous plexus; 

2 the eommon faeial vein; 

3 the lingnal vein; 

4 the snperior and middle thyroid veins. 

Superficial veins 

The arrangement of the snperfieial veins of the head and neek are some- 
what variable but the usual plan is as follows (Fig. 216): 

The siiperfieial temporal and maxiUary veins join to form the retromandibii- 
lar vein. This branehes while traversing the parotid gland. Its posterior divi- 
sion, together with the posterior amienlar vein, form the external jugular 
vein, whereas the anterior division joins the faeial vein to form the eommon 
faeial vein which opens into the internal jugular vein. 

The external jngidar vein erosses the sternoeleidomastoid in the snperfi- 
eial faseia, traverses the roof of the posterior triangle then plnnges throngh 
the deep faseia lin (2.5 em) above the elaviele to enter the snbelavian vein. 
You ean see it in your own neek in the mirror when you perform a Valsava 
manoeuvre. Not rarely it is double. 

The anterior jugular vein runs down one on either side of the midline of 
the neek, erossing the thyroid isthmns. Just above the sternum it communi- 
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Fig. 217 The great veins of the neek and their tribntaries. 

eates with its fellow then passes outwards, deep to the sternoeleidomas- 
toid, to enter the external jugular vein. 

The subclavìan veìn 

This is the continuation of the axillary vein and extends from its eommenee- 
ment at the outer border of the first rib to the medial border of scalenus 
anterior, where it joins the internal jugular vein to form the braehioeephalie 
vein. During its short course it erosses, and lightly grooves, the snperior 
snrfaee of the first rib. It arehes upwards and then passes medially down- 
wards and slightly forwards to its termination behind the sternoelavienlar 
joint. On the left side it reeeives the termination of the thoraeie duct. Its only 
tributary is the external jugular vein. Anteriorly the vein is related to the 
elaviele and subclavius muscle (Fig. 217). 

eiinieal features 

Techniques of eentral venons eatheterization are now of great elinieal impor- 
tanee both to measnre eentral venous pressure (e.v.p.), for praetieal pur- 
poses the pressure within the right atrium, and also to allow rapid blood 
replaeement and long-term intravenons feeding by means of glneose, 
amino aeids and fats. The internal jugular vein ean be eannnlated by direet 
puncture in the triangnlar gap between the sternal and elavienlar heads of 
the sternoeleidomastoid immediately above the elaviele. Feel this land- 
mark on yonrself. The needle is inserted near the apex of this triangle at an 
angle of 30^0° to the skin snrfaee and is advaneed eandally towards the 
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Fig. 218 The anatomy of 
the infraelavienlar 
approaeh to the 
snbelavianvein. (a) 
Anterior view. (b) In 
sagittal seetion. 


inner border of the anterior end of the first rib behind the elaviele. A reflux 
of blood eonfirms venepuncture. 

Snbelavian venepiinetnre ean be earried out most effeetively by the infra- 
elavienlar approaeh (Fig. 218). The needle is inserted below the elaviele of 
the jnnetion of its medial and middle thirds. The needle is advaneed medi- 
ally and upwards behind the elaviele in the direetion of the sternoelavienlar 
joint to puncture the subclavian vein at its jnnetion with the internal 
jugular. When a free flow of blood is obtained by syringe aspiration, a 
radio-opaque plastie eatheter is threaded through the needle to pass into 
the braehioeephalie vein. 


The lymph nodes of the neek 


Althongh the lymph drainage of partienlar viseera is dealt with under 
appropriate headings (tongue, larynx, ete.), it is eonvenient to snmmarize 
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Fig. 219 Seheme of the 
lymph nodes of the head 
and neek. 
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here the arrangements of the lymph nodes of the head and neek as a whole 
(Fig. 219). These ean be gronped into horizontal and vertieally disposed 
aggregates. 

The horizontal nodes form a nnmber of gronps which eneirele the jime- 
tion of the head with the neek and which are named, aeeording to their 
position, the snbmental, snhmandihtdar, snperfieial parotid (or preaiirienlar), 
mastoid and siihoeeipital nodes. These nodes drain the snperfieial tissnes of 
the head and efferents then pass to the deep eervieal nodes (althongh some 
lymph vessels pass direet to the eervieal nodes, bypassing the horizontal 
nodes). 

The vertieal nodes drain the deep strnetnres of the head and neek. The 
most important is the deep eervieal gronp, which extends along the internal 
jugular vein from the base of the skull to the root of the neek (Fig. 198). The 
lymph then passes via the jugular trunk to the thoraeie duct or the right 
lymphatie duct. 

The siiperfieial eervieal nodes lie along the external jugular vein, serve the 
parotid and lower part of the ear and drain into the deep eervieal group. 

Along the front of the neek lies another group of vertieally disposed 
nodes, the infrahyoid (on the thyrohyoid membrane), the prelaryngeal and 
the pre- and paratraeheal nodes. These drain the thyroid, larynx, traehea and 
part of the pharynx and empty into the deep eervieal group. 

The retropharyngeal nodes, lying vertieally behind the pharynx, drain the 
baek of the nose, pharynx and Enstaehian tube; their efferents pass to the 
upper deep eervieal nodes. 

Thus all structures in the head and neek drain throngh the deep eervieal 
nodes either direetly or nltimately. 


eiinieal features 


1 A eonstant lymph node lies at the jnnetion of the mternal jugular and 
eommon faeial veins—the jugulodigastric or tonsillar node. This beeomes 
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enlarged in tonsillitis and is therefore the eommonest swelling to be 
eneonntered in the neek. 

2 Bloek disseetion of the neek for malignant disease is the removal of the 
lymph nodes of the anterior and posterior triangles of the neek and their 
assoeiated lymph ehannels, together with those structures which must be 
excised in order to make this lymphatie ablation possible. It is sometimes 
eombined with en-bloe removal of the primary tumour. 

The usual ineision is Y-shaped, its eentre being at the level of the upper 
border of the thyroid eartilage, its lower limb running downwards to the 
midpoint of the elaviele, its anterior limb extending to the symphysis menti 
and its posterior limb to the mastoid proeess. The bloek of tissue removed 
extends from the mandible above to the elaviele below and from the 
midline anteriorly to the anterior border of the trapezius behind. It eonsists 
of all the structures between the platysma and pretraeheal faseia enelosed 
by these boundaries, preserving only the earotid arteries, the vagus trunk, 
the eervieal sympathetie ehain and the lingual and hypoglossal nerves. The 
stemoeleidomastoid, omohyoid and digastrie muscles are removed in the 
disseetion. Excision also includes the external and internal jngnlar veins, 
aroimd eaeh of which lymph nodes are intimately related, and the sub- 
mandibular gland and the lower pole of the parotid gland, sinee these both 
eontain potentially involved lymph nodes. 

The aeeessory nerve, passing aeross the posterior triangle, is usually 
saerifieed. 

3 Tuberculous disease of the neek usually involves the upper part of the 
deep eervieal ehain (from tonsillar infeetion). These infeeted nodes may 
adhere very firmly to the internal jugular vein which may be wounded in 
the course of their excision. 


The eervieal sympathetie trunk 


The sympathetie ehain continues upwards from the thorax by erossing the 
neek of the first rib, then aseends embedded in the posterior wall of the 
earotid sheath to the base of the skull (Fig. 220). It bears three ganglia: 

1 the siiperior eervieal ganglion (the largest) lies opposite C2 and 3 vertebrae 
and sends grey rami communicantes to Cl-4 spinal nerves; 

2 the middle ganglion lies level with C6 vertebra and sends grey rami to C5 
and 6 nerves; 

3 the inferior ganglion lies level with C7 and is tucked behind the vertebral 
artery. Frequently it fuses with the first thoraeie ganglion to form the stellate 
ganglion at the neek of the first rib. Grey rami pass from it to C7 and 8 
nerves. 

Note that these ganglia reeeive no white rami from the eervieal nerves; 
their preganglionie fibres originate from the upper thoraeie white rami and 
then aseend in the sympathetie ehain. 

As well as somatie branehes transmitted with the eervieal nerves, the 
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Fig. 220 The eervieal sympathetie ehain. 


eervieal ehain gives off eardiae hranehes from eaeh of its ganglia and also vas- 
enlar plexiises along the earotid, snbelavian and vertebral vessels. The sym- 
pathetie fibres to the dilator pnpillae mnsele travel in this plexus along the 
internal earotid artery. Grey rami pass from the superior ganglion to eranial 
nerves Yll, IX, X and XIL 


eiinieal features 


1 'Gervieal sympatheetomy' is a misnomer; it is an upper thoraeie sympa- 
theetomy earried out through a eervieal ineision. The sympathetie ehain is 
divided below the 3rd thoraeie ganglion and the grey and white rami to the 
2nd and 3rd ganglia are also cut. In this way the sudomotor and vasoeon- 
strietor pathways to the head and upper limb (from segments T2, 3 and 4) 
are divided, preserving the T1 eonneetion and the stellate ganglion, which 
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are the sympathetie eonneetions to the eyelid and pnpiL The upper thoraeie 
ehain ean also be removed via a transthoraeie transplenral approaeh 
through the seeond intereostal spaee, or by fibre-optie endoseopy. The lung 
is allowed to eollapse and the ehain identified as it lies on the heads of the 
upper ribs. Reseetion of the T2-4 segment results in a warm, dry hand. 

2 Horner's syndrome resnlts from interrnption of the sympathetie fibres to 
the eyelids and pupil. The pupil is eonstrieted (myosis, due to unopposed 
parasympathetie innervation via the oenlomotor nerve), there is ptosis 
(partial paralysis of levator palpebrae) and the faee on the affeeted side is 
dry and flushed (sudomotor and vasoeonstrietor denervation). Enophthal- 
mos is said to occur, but this is not eonfirmed by exophthalmometry. The 
syndrome may follow spinal eord lesions at the T1 segment (tumour or 
syringomyelia), elosed, penetrating or operative injnries to the stellate gan- 
glion or the eervieal sympathetie ehain, or pressnre on the ehain or stellate 
ganglion produced by enlarged eervieal lymph nodes, an upper mediasti- 
nal tumour^ a earotid aneurysm or a malignant mass in the neek. 


The branehíal system and 
its derivatives 


Six viseeral arehes form on the lateral aspeets of the fetal head separated, on 
the outside, by eetodermal branehial elefts and, on the inside, by five endo- 
dermal pharyngeal pouches (Fig. 194). In the human embryo the 5th and 
6 th arehes do not appear externally and are represented only by a mesoder- 
mal eore. 

Eaeh areh has its own nerve supply, eartilage, muscle and artery, 
althongh eonsiderable absorption and migration of these derivatives occur 
in development. The 5th areh disappears entirely. 

The embryologieal signifieanee of many of the branehial derivatives has 
already been discussed under appropriate headings (the development of 
the faee, tongue, thyroid, parathyroid and aortie areh) but Table 4 serves 
eonveniently to bring these various faets together. 

Branehìal eyst and fistnla 

The seeond branehial areh grows downwards to eover the remaining 
arehes, leaving temporarily a spaee lined with squamous epithelium. 
This usually disappears but may persist and distend with eholesterol- 
eontaining fluid to form a branehial eyst. Another theory is that these eysts 
arise from squamous elefts in eervieal lymph nodes. 

If fusion fails to occur distally, a sinus persists at the anterior border of 
the origin of the sternoeleidomastoid; this hranehial fistnla ean be traeed 
upward between the internal and external earotids and may even open into 
the tonsillar fossa, demonstrating its assoeiation with the seeond branehial 
areh. 
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Table 4 Derivatives of the branehial system (note the 5th areh disappears). 
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The surface anatomy and surface 
markings of the head 


Many of the important landmarks of the skull are readily felt (see Figs 222, 
223). Revise on your own skull the position of: the external oeeipital protnber- 
anee (the apex of this is termed the inion), the nasion, which is the depression 
between the two siipraorhital margins, and the glabella, which is the ridge 
above the nasion. Feel the sharp edge of the lateral margin of the orbit 
which is formed by the frontal proeess of the zygomatie bone; behind the 
zygomatie bone is the zygomatie areh with the snperfieial temporal artery 
erossing its posterior extremity and forming a eonvenient pulse which the 
anaesthetist ean reaeh. Rather less easily felt is the jngal point, the junction 
between the zygomatie bone and the zygomatie proeess of the frontal bone; 
it is the mass of bone eneonntered by the finger rnnning forward along the 
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upper border of the zygomatie areh, and it is a snrfaee marking for the 
middle meningeal artery {vide infra). The anterior edge of the mastoid is 
easily palpable but its posterior aspeet and its tip are rather obsenred by the 
insertion of the sternoeleidomastoid. 

The whole of the snperfieial snrfaee of the mandihle is palpable apart 
from its eoronoid proeess. The eondyloid proeess ean be felt by a finger plaeed 
immediately in front of, or within, the external anditory meatus while the 
mouth is opened and elosed. 

When the teeth are elenehed, masseter and the temporalis ean be felt eon- 
traeting respeetively over the ramus of the mandible and above the zygo- 
matie areh. The parotid diiet ean be rolled over the tensed masseter and its 
orifiee seen within the mouth at the level of the 2nd upper molar tooth. 

The pulsation of ìhefaeial artery eanbe felt as it erosses the lower margin 
of the body of the mandible immediately in front of the masseter and again 
opposite the angle of the mouth. In the latter sitnation, if the eheek is 
gripped lightly with the finger plaeed within the mouth and the thumb 
plaeed on the skin snrfaee, the pulse will be felt a little more than a eentime- 
tre from the angle of the mouth. 

A line drawn vertieally between the first and seeond premolar teeth 
passes throngh the mental foramen, the infraorbital foramen and the supra- 
orbital noteh. Throngh these three orifiees, lying in plumb-line, pass 
branehes from eaeh of the divisions of the trigeminal nerve, respeetively 
the mental braneh of the inferior alveolar nerve (V"'), the infra-orbital nerve 
(V") and the supra-orbital nerve (V'). 

The middle meningeal artery ean be represented by a line drawn upwards 
and somewhat forwards from a point along the zygomatie areh, two 
fingers' breadths behind the jugal point. The posterior braneh of this artery 
passes backwards a thnmb's breadth above, and ronghly parallel to, the 
zygomatie areh. 

The eentral sulcus of the eerebrnm eorresponds to a line drawn down- 
wards and forwards from a point 1 em behind the midpoint between the 
nasion and the inion. 


The sealp 


The soft tissnes of the sealp are arranged in five layers (Fig. 221), which may 
be remembered thus: 

S—skin; 

C—eonneetive tissue; 

A—aponeurosis; 

L—loose eonneetive tissue; 

P—periosteum. 

Eaeh of these layers has features of praetieal importanee. 

The skin of the sealp is riehly snpplied with sebaeeons glands and is the 
eommonest site in the body for sebaeeons eysts. 
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Fig. 221 The layers of the 
sealp. 
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The subcutaneous eonneetive tissne eonsists of lobnles of fat bound in 
tough fibrous septa, very inuch like the eonneetive tissue of the palm and 
the sole. This dense encapsulation of fat makes it unsurprising that lipo- 
mata are extremely rare at these three sites, and also that excess fat does not 
eolleet in any of these plaees even in the grossly obese. 

The blood vessels of the sealp lie in this layer. When the head is laeer- 
ated, the divided vessels retraet between the fibrons septa and eannot be 
pieked up individually by artery foreeps in the usual way. Haemorrhage is 
arrested by pressing with the fingers firmly down on to the skull on either 
side of the wound (thus eompressing the vessels), by plaeing series of artery 
foreeps on the divided aponenrotie layer so that their weight again eom- 
presses these vessels and, finally by suturing the laeeration firmly in two 
layers (aponeurotic and cutaneous). 

The haemorrhage from a sealp laeeration or operation is profuse; this 
area has, in faet, the riehest cutaneous blood supply of the body. For this 
reason, extensive avnlsions of the sealp are usually viable providing even a 
narrow pediele remains attaehed to the surrounding tissues. 

The veins of the sealp eonneet with the intraeranial venous sinuses via 
numerous emissary veins which pieree the skull and which also link these 
two venous systems with the diploie veins between the tables of the skull 
vault. A superficial infeetion of the sealp may spread via this system pro- 
ducing an osteitis of the sknll, meningitis and venous sinus thrombosis. 

The aponenrotie layer is the oeeipitofrontalis which is fibrons over the 
dome of the skull but muscular in the oeeipital and frontal regions. This 
muscle arises from the superior nuchal line of the oeeipital bone, gains a 
faseial insertion into the zygomatie areh, and inserts anteriorly into the sub- 
cutaneous tissues of the eyebrows and nose. 

The layer of loose eonneetive tissiie beneath the aponeurosis accounts for 
the mobility of the sealp on the nnderlying bone; it is in this plane that the 
snrgeon mobilizes sealp flaps, that maehinery which has caught on to the 
hair avnlses the sealp and that the Red Indians of bygone days sealped their 
vietims. 

Blood or pus eolleeting in this loose tissue traeks freely under the sealp 
but eannot pass into either the oeeipital or snbtemporal regions because of 
the attaehments of oeeipitofrontalis. Fluid ean, however, traek forward into 
the orbits and this accounts for the orbital haematoma that may form a few 
hours after a severe head injury or eranial operation. 
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The aponeurotic layer is under tension beeanse of its muscular eom- 
ponent and retraets on the nnderlying loose layer when divided; a 
gaping sealp wound must, therefore, have extended at least throngh the 
aponenrosis. 

The periostenm adheres to the suture-lines of the skull; eolleetions of pus 
or blood beneath this layer, therefore, ontline the affeeted bone. This is par- 
tienlarly well seen in birth injnries involving the skull {eephalohaematoma). 


Th© skllll (Figs 222 ,223,224) 


The important regional anatomy of the skull is dealt with under the appro- 
priate headings (ear, nose, aeeessory sinnses, ete.). Golleeted together in this 
seetion are some general faets of elinieal relevanee. 

The bony vault of the skull is relatively elastie in eonsisteney; thus a 
blow may injure the underlying brain without fracturing bone. Where the 
eraninm is proteeted by thiek muscle (the lower part of the oeeipital bone 
and the squamous temporal), the skull is eorrespondingly thin; if held up to 
the light it ean be seen to be translneent at these sites. 

The palpable landmarks of the skull are enumerated in the seetion on 
the surface anatomy of the head (page 311). Radiologieally the sntiires 
between the vault bones are important because they as well as the vascular 
markings of the meningeal and diploie vessels, may be eonfnsed with frae- 
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Fig. 222 The skull: anterior aspeet. 
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Fig. 223 The skull: (a) lateral aspeet and (b) inferior aspeet. 


ture lines; however, nnlike the usually straight lines of a fraetnre, suture 
lines are extremely tortuous. The eoronal suture divides the frontal from the 
parietal bones, the sagittal suture separates the parietal bones in the 
midline, the lamhdoid suture marks off the oeeipital from the parietal and 
temporal bones and the squamosal siitnre separates the squamous temporal 
bone from the parietal bone and greater wing of sphenoid. 

In about 8% of eases the metopie sntiire persists in the midline between 
the two frontal bones; in the rest, this suture fuses at about the 5th year. 
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Fig. 224 The fetal skull. 

Oeeasionally, small separate areas of ossifieation develop between the 
parietal and oeeipital bones termed VVormian hones which, again, may eanse 
radiologieal eonfnsion. 

The lambda is the point of jnnetion of the lambdoid and sagittal sntnres 
(the posteriorfontanelle of infaney). 

The bregma is the jnnetion of the sagittal and eoronal snhires (the 
infant's anterior fontanelle). 

The diploé, between the inner and onter tables of the skull vaulh is one of 
the sites of persistent red marrow in the adult skeleton. This distinetion it 
shares with the pelvis, vertebrae, ribs, stemum, upper end of humerus and 
upper end of femur—a doubtful honour sinee to these sites are almost eon- 
fined seeondary deposits of eareinoma in bone and mnltiple myelomata. 

Development 

The skull vault develops in membrane, the skull base in eartilage. 

At birth (Fig. 224), the square anterior fontanelle and triangnlar poste- 
rior fontanelle are widely open. The posterior fuses at about 3 months, the 
anterior at about 18 months. Up till then, blood ean be obtained by punctur- 
ing the sagittal sinus immediately below the anterior fontanelle in the 
midline, and C.S.R aspirated by passing a needle obliquely into the lateral 
ventriele. 

The faee at birth is eonsiderably smaller proportionally to the skull than 
in the adult; this is due to the teeth being non-erupted and rndimentary and 
the nasal aeeessory sinnses being nndeveloped; the sinnses are evident at 
about 8 years but only fully developed in the late teens. 

The mastoid and its air eells develop at the end of the 2nd year; until 
then the faeial nerve is relatively snperfieial near its origin from the skull 
and may be damaged by quite trivial injuries. 

With advaneing age, the relative vertieal measnrement of the faee again 
diminishes as a result of loss of teeth and subsequent absorption of the alve- 
olar margins. 
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Development of the mandible and the teeth are eonsidered on pages 323 
and 324. 


eiinieal features 
Fractures of the skull 

Imagine the sknll as a rather elastie sphere eompletely filled by semi-fluid 
material; a violent blow on such a structure will produce a splitting effeet 
eommeneing at the site of the blow and tending to travel along lines of least 
resistanee. The base of the skull is more fragile than the vaulh and is thus 
eommonly involved by such fraehires. The petrous part of the temporal 
bone, however, forms a firm and rarely involved bnttress of the skull base, 
the fracture line passing throngh less resistant areas, partienlarly the 
middle eranial fossa, the pitnitary fossa and the varions basal foramina. 

A loealized severe injury in the adnlt, may prodnee a depressed eom- 
minnted fraetnre; the infant's skull is much more elastie and a similar injury 
here will result in a 'pond' depressed fraetnre, rather like the dimple pro- 
duced by squeezing on a ping-pong ball. 


Loealizing signs in eranial fractures 

Fraetnres of the anterior eranial fossa may involve the frontab ethmoidal 
and sphenoidal sinnses and be aeeompanied by bleeding into the nose or 
mouth. In such eases C.S.F. leakage from the nose implies coexisting tearing 
of the meninges; the snbaraehnoid spaee is thus put in eommnnieation with 
the exterior via the nasal eavity with consequent risk of meningitis. 

Fraetnres involving the roof of the orbit are frequently assoeiated with 
blood traeking forward beneath the eonjnnetiva (subconjunctival haemor- 
rhage); this must be differentiated from a small fiame-shaped haemorrhage 
of the eonjnnetiva caused by direet injury to it. 

A 'blaek eye' is not neeessarily indieative of an anterior fossa fraetnre; it 
may be prodneed also by direet eontnsion of the soft tissnes or by blood 
traeking down deep to the aponenrotie layer of the sealp (see 'The sealp', 
page 312). 

Anterior basal fraetnres may involve the eribriform plate (with anosmia 
— loss of smell—due to rupture of fibres of the olfaetory bulb) or the optie 
foramen (with primary optie atrophy and blindness). 

Fraetnres of the middle fossa may prodnee bleeding into the mouth 
(sphenoid involvement), bleeding or C.S.F. leakage from the ear, and faeial 
and anditory nerve injury. Aural bleeding may of course, be produced by 
direet injury to the ear—for example, rupture of the drum—without neees- 
sarily implying a skull fraehire. Because of its long course, the abducent 
(VI) nerve may be damaged with diplopia and paralysis of the lateral reetns 
muscle. 

Posterior fossa fractures are oeeasionally aeeompanied by eranial nerve 
involvement. These fraetnres are snggested elinieally by brnising over the 
mastoid region extending downwards over the sternoeleidomastoid. 
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Fig. 225 The lateral wall of the right nasal eavity; the eonehae have been partially 
removed to show strnetnres which drain into the nose. 


The aeeessory nasal sinnses 

The nasal sinnses are air-eontaining saes lined by eiliated epithelinm and 
eommimieating with the nasal eavity throngh narrow, and therefore easily 
oeelnded, ehannels (Fig. 225). The maxillary antrnm and sphenoid sinnses 
are present in a rndimentary state at birth, the rest beeome evident at abont 
the 8th year, but all beeome fully formed only in adoleseenee. 

The frontal sìnnses 

The frontal sinnses are eontained in the frontal bone. They vary greatly in 
size and one or both are oeeasionally absent. In seetion eaeh is ronghly tri- 
angnlar, its anterior wall forming the prominenee of the forehead, its pos- 
terosnperior wall lying adjaeent to the frontal lobe of the brain, and its floor 
abntting against the ethmoid eells, the roof of the nasal fossa and the orbit. 

The frontal sinnses are separated from eaeh other by a median bony 
septum, and eaeh in turn is fnrther broken up by a number of ineomplete 
septa. Eaeh sinus drains into the anterior part of the middle nasal meahis 
via the infundibulum into the hiatus semilunaris. 


eiinieal features 


1 The elose relation of the frontal sinus to the frontal lobe of the brain 
explains how infeetion of this sinus may result in the development of a 
frontal lobe abseess. 
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2 A fraetnre involving the sinus, severe enough to tear the dura and pia- 
araehnoid, will plaee the subarachnoid spaee in communication with the 
nasal eavity and C.S.F. may then be deteeted triekling throngh the nostril, 
usually on the affeeted side (C.S.F. rhinorrhoea) althongh, as these sinuses 
may eommimieate, a eontralateral leak sometimes occurs. 

3 The neurosurgeon must take into account the eonsiderable variations 
in size and extent of the frontal sinus when proposing to turn down a 
frontal skull flap; obviously he will want to avoid opening the sinus 
because of the risk of infeetion. He therefore eonsnlts the radiographs of the 
patient's skull preoperatively which will elearly show the configuration of 
the sinnses. 


The maxìllary sìnus (antrum of Highmore) 

(Fig. 226) 

This is a pyramidal-shaped sinus occupying the eavity of the maxilla. Its 
medial wall forms part of the lateral faee of the nasal eavity and bears on it 
the inferior eoneha. Above this eoneha is the opening, or ostium, of the max- 
illary sinus into the middle meahis in the hiatus semilunaris (Fig. 225). This 
opening, unfortunately is ineffieiently plaeed as an adequate drainage 
point. 

The infra-orbital nerve lies in a groove which bulges down into the roof 
of the sinus, while its floor bears the impressions of the upper premolar and 
molar roots. These roots are separated only by a thin layer of bone which 
may in faet, be defieient so that nneovered dental roots projeet into the 
sinus. Note that the floor of the sinus, therefore, eorresponds to the level of 
the alveolus and not to the floor of the nasal eavity — it aetnally extends 
about 0.5 in (12 mm) lower than the latter. 


eiinieal features 


1 The maxillary sinus, or antrum, may beeome infeeted either from the 
nasal eavity or from earies of the upper molar teeth. 

Antral puncture ean be earried out usmg a troear and eannnla passed 
through the nasal eavity in an outward and backward direetion below the 
inferior eoneha. 

More adequate drainage may require removing a portion of the medial 
wall of the sinus below the inferior eoneha or fenestrating the antrum in the 
gingivolabial fold (Caldwell Luc operation). The old operation of draining 
the antrum via an extracted upper molar tooth is now seldom, if ever, 
performed. 

2 The numerous symptoms and signs which may be prodneed by a earei- 
noma of the maxillary sinus are easily remembered anatomieally. 

(a) Medial invasion eneroaehes on the nasal eavity, prodneing 
obstrnetion of the nares and epistaxis. Bloekage of the nasolaerimal 
duct in this wall may cause epiphorea (leakage of tears down the faee). 

(b) Invasion of the orbit displaees the globe and causes diplopia. If the 
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infra-orbital nerve beeomes involved, there will be faeial pain and then 
anaesthesia of the skin over the maxilla. 

(e) Invasion of the sinus floor may produce a visible bulge or even 
ulceration in the palatal roof. 

(d) Lateral spread may prodnee a swelling of the faee or a palpable 
mass in the gingivolabial fold. 

(e) Posterior spread may involve the palatine nerves and prodnee 
severe pain referred to the teeth of the upper jaw. 


The ethmoid sìnoses 

The ethmoid sinuses are made up of a group of 8-10 air eells within the 
lateral mass of the ethmoid and lie between the side-walls of the upper 
nasal eavity and the orbits (Fig. 226). Snperiorly, they lie on eaeh side of the 
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eribiform plate and are related above to the frontal lobes of the brain. These 
eells drain into the snperior and middle meatns (Fig. 225). 


eiinieal features 


As with the frontal sinus, infeetion (ethmoiditis) may result in a frontal 
eerebral abseess and an ethmoidal fraetnre may cause a C.S.F. leakage into 
the nasal eavity. 

The sphenoid sìnoses 

These lie one on either side of the midline, within the body of the sphenoid 
(Fig. 225). They vary a good deal in size and may extend laterally into the 
greater wing of the sphenoid or backwards into the basal part of the oeeipi- 
tal bone. 

Eaeh sinus drains into the nasal eavity above the snperior eoneha (the 
sphenoethmoidal reeess). 


eiinieal features 


The pituitary gland may be excised through a fibre-optie transnasal, 
transsphenoidal approaeh in patients with pituitary tumour. 


The mandible (Fig 227) 


The lower jaw eomprises a horizontal body on eaeh side which fuses at the 
symphysis menti (fusion occurring at the 2nd year). From the posterior part 
of the body projeets the vertieal ramns which bears an anterior eoronoid and 
a posterior eondyloid proeess, made up of the head and neek. Between the two 
is the mandibnlar noteh. 

On the medial aspeet of the ramus is the mandibnlarforamen for the infe- 
rior alveolar braneh of the mandibular division of the trigeminal nerve, 
which traverses the body within the mandibnlar eanal, then emerges as the 
mental nerve through the mental foramen on the lateral snrfaee of the body 
below and between the two premolars. The nerve supply to the ineisors and 
eanine runs forward within the mandible beyond this point in the ineisive 
eanal. 

The upper border of the body bears the alveolar border with sixteen 
dental soekets or alveoli. 


Development 

The mandible develops as membrane bone in the fibrous sheath of MeekeFs 
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Fig. 227 The mandible: (a) lateral aspeet, (b) medial aspeet. 


eartilage (the eartilage of the first branehial areh, which also gives rise to the 
mallens and incus). The eartilage itself is eompletely absorbed. Bony union 
of the two halves of the mandible occurs in the 2nd year. 

The temporomandibular joìnt 

This joint lies between the eondyloid proeess of the mandible and the artie- 
ular fossa and artienlar eminenee of the temporal bone. The artienlar sur- 
faees are eovered with fibrous (not hyaline) eartilage and there is also a 
fibroeartilaginons artienlar dise dividing the joint eavity into an upper and 
lower eompartment. 

The capsular ligament surrounding the joint is reinforeed by a lateral 
temporomandihidar ligament and by the sphenomandibnlar ligament which 
passes from the spine of the sphenoid to the lingnlar proeess immediately in 
front of the mandibnlar foramen; this ligament represents part of the primi- 
tive Ist areh, or MeekeTs eartilage. 

The lower jaw ean be depressed, elevated, protrnded, retraeted and 
moved from side to side. 

The mnseles effeeting these movements are: 

• elevation—tempoTeiìis, masseter, medial pterygoid; 

• depression — lateral pterygoid, together with digastrie, mylohyoid and 
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geniohyoid (assisted by gravity—your jaw drops open when you fall asleep 
inalecture); 

• retraetion—postenoT fibres of temporalis; 

• protraetion—laieraì and medial pterygoids together; 

• side to side—laieral and medial pterygoids together, aeting alternately on 
eaeh side. 


eiinieal features 


Disloeation of the jazv, when nneomplieated, occurs only in a forward diree- 
tion. When the mouth is widely open, the eondyloid proeess of the 
mandible slides forward on to the artienlar eminenee; from thenee, a blow, 
or even a yawn, may cause forward disloeation into the infratemporal fossa 
on one or both sides. Upward disloeation ean occur only in assoeiation with 
extensive eomminntion of the skull base, and backward disloeation with 
smashing of the bony external anditory eanal and tympanie eavity which 
lie immediately behind the joint. 

Rednetion is effeeted by pressing down on the molar teeth with the 
thumbs plaeed in the mouth, at the same time pulling up the ehin; the 
former stretehes the masseter and temporalis muscles which are in spasm, 
the latter levers the mandibnlar head baek into plaee. 


The teeth 


There are twenty deciduous or 'milk' teeth replaeed by thirty-two perma- 
nent teeth made up, in eaeh half jaw, thus: 

• Deeidiions: 2 ineisors, 1 eanine, 2 molars; 

• Permanent: 2 ineisors, 1 eanine, 2 premolars, 3 molars. 

The times of ernption of the teeth are useful stepping-stones in a ehild's 
development as well as being of forensie interest. 

As a rough guide, these times ean be thought of in multiples of 6, thus: 

• the Ist lower ineisor deciduous tooth appears at 6 months 

• all the deciduous teeth have appeared by 24 months 

• the permanent Ist molar 

• the permanent Ist ineisor 

• the seeond permanent molar appears at 12 years (approx.) 

• the third permanent molar appears at 18-24 years. 

The lower teeth appear somewhat before their eorresponding upper 
neighbours. 

Eaeh tooth is fixed in its soeket by the periodontal membrane which is, in 
faet, periostenm. This layer is radiotranslucent and is the dark line seen 
around the root of eaeh tooth on radiography. 


appear at 


6 years 


Development 

The enamel crown of the tooth develops from a downgrowth of the alveolar 
epithelium and represents the toughest tissue in the human body. The rest 
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of the tooth (pulp, dentine and eement) differentiates from the nnderlying 
mesodermal eonneetive tissue. 


eiinieal features 


Osteomyelitis of the jaw following dental extractions is eonfined to the 
lower jaw and occurs only with the permanent dentition. The explanation 
of this is an anatomieal one. 

The lower jaw is supplied only by the inferior dental artery which runs 
with the nerve in the mandibnlar eanal; damage to this artery at extraction, 
or its thrombosis in subsequent infeetion, therefore, produces bone neero- 
sis. The upper jaw, on the other hand, reeeives segmental vertieal branehes 
from the snperior dental vessels and isehaemia does not follow injnry to an 
individnal artery. The deciduous teeth of the lower jaw are plaeed well elear 
of the mandibnlar eanal which is, in any ease, proteeted by the unerupted 
permanent teeth; damage to the artery eannot therefore occur during their 
removal. 

Inferìor alveolar nerve bloek 

This is a useful procedure for the dental snrgeon beeanse it produces eom- 
plete anaesthesia of all the lower teeth of one side of the mandible. The 
needle is passed deep to the last molar tooth on to the inner aspeet of the 
ramus of the mandible. Anaesthesia is prodneed in the lower teeth, the skin 
and mucosa of the lower lip (via the mental braneh of the inferior alveolar 
nerve) and of ten, because of spread of the anaesthetie solntion, there is loss of 
sensation of the side of the tongue due to involvement of the lingnal nerve, 
which lies immediately in front of the inferior alveolar nerve (see Fig. 260). 


The vertebral column 


The spinal, or vertebral, column is made up of thirty-three vertebrae, of 
which twenty-four are diserete vertebrae and nine are fused in the sacrum 
and coccyx. 

In the embryo the spine is curved into a gentle C shape but, with the 
extension of the head and lower limbs that occurs when the ehild first holds 
up its head, then sits and then stands, seeondary forward curvatures 
appear in the eervieal and lumbar region, which prodnee the sinusoidal 
curves of the fully developed spinal column. 

The basie vertebral pattem (Fig. 228) is that of a body and of a nenral areh 
surrounding the vertebral eanal. 

The neural areh is made up of a pediele on either side, eaeh snpporting a 
lamina which meets its opposite posteriorly in the midline. The pediele 
bears a noteh above and below which, with its neighbour, forms the 
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Fig. 228 A 'typiear thoraeie vertebra. 


intervertebral foramen. The areh bears a posterior spine, lateral transverse 
proeesses and upper and lower artieiilarfaeets. 

The intervertebral foramina transmit the segmental spinal nerves as 
follows: ei-7 pass over the snperior aspeet of their eorresponding eervieal 
vertebrae, C8 passes throngh the foramen between C7 and Tl, and all sub- 
sequent nerves pass between the vertebra of their own number and the one 
below. 

Now to eonsider the individnal vertebrae in turn. 

The eervieal vertebrae (?) 

These are readily identified by theforamen transversarinm perforating the 
transverse proeesses. This foramen transmits the vertebral artery the vein, 
and sympathetie nerve fibres. The spines are small and bifid (except C1 
and C7 which are single) and the artienlar faeets are relatively horizontal 
(Fig. 229). 

The atlas (Cl) (Fig. 230) has no body. Its upper surface bears a superior 
articular faeet on a thiek lateral mass on eaeh side which artienlates with the 
oeeipital eondyles of the skull. 
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Fig. 229 A 'typiear eervieal vertebra. 
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Fig. 230 The atlas in saperior view. 
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Fig. 231 The axis in oblique lateral view. 


Just posteriorly to this faeet, the upper aspeet of the posterior areh of the 
atlas is grooved by the vertebral artery as it passes medially and upwards to 
enter the foramen magnum. 

The axis (C2) (Fig. 231) bears the dens (odontoid proeess) on the snperior 
aspeet of its body, representing the detaehed eentrnm of Cl. 

Nodding and lateral flexion movements occur at the atlanto-oeeipital 
joint, whereas rotation of the skull occurs at the atlanto-axial joint around 
the dens, which aets as a pivot. 






















The vertebral column 



C7 is the vertebra prominens, so ealled because of its relatively long and 
easily felt non-bifid spine; it is the first elearly palpable spine on rnnning 
one's fingers downwards along the vertebral erests, althongh the spine of 
T1 immediately below it is, in faeh the most prominent one. 

The vertebral artery enters its vertebral course nearly always at the 
foramen transversarium of C6; it is not snrprising, therefore, that the 
foramen of C7, which transmits only the vein, is small or even sometimes 
absent. 


The thoraeìe vertebrae ( 12 ) 

These vertebrae are eharaeterized by demifaeets on the sides of their bodies 
for articulation with the heads of the ribs and by faeets on their transverse 
proeesses (apart from those of the lower two or three vertebrae) for the rib 
tnbereles. The spines are long and downward sloping and the artienlar 
faeets are also relatively vertieal. The lowest couple are rather Tumbar' in 
appearanee, have a single faeet on the side of the body and no faeet on the 
transverse proeess. 

The bodies of T5 and T8 are worth noting; they eome into relationship 
with the deseending aorta and are a little flattened by it on their left flank. If 
the deseending aorta beeomes aneurysmally dilated, these four vertebral 
bodies beeome eroded by its pressure, although their avascular interverte- 
bral dises remain intaet. You ean make this diagnosis eonfidently when 
shown a speeimen of four partly worn-away vertebrae with normal inter- 
vening dises. 


The lumbar vertebrae ( 5 ) 

These are of great size with strong, square, horizontal spines and with 
artienlar faeets which lie in the sagittal plane (Fig. 232). 

L5 is distinguished by its massive transverse proeess which eonneets 
with the whole lateral aspeet of its pediele and eneroaehes on its body; the 
transverse proeesses of the other lumbar vertebrae attaeh solely to the junc- 
tion of pediele with lamina. 


The sacrum (5fused) 

The COCCyX (3,4 or 5 fused) 

These are eonsidered with the bony pelvis (see page 125). 


Development 

Eaeh vertebra ossifies from three primary eentres, one for eaeh side of the 
areh and one for the body. The body oeeasionally develops from two 
eentres and failnre of one of these to form results in formation of a hemiver- 
tebra with a consequent eongenital seoliosis. Failnre of the two areh eentres 
to fuse posteriorly results in the eondition of spina bifida, which occurs 
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particularly in the lumbar region. Usually this is not assoeiated with any 
nenrologieal abnormality (spina bifida oeenlta), althongh in such eases 
there is often an overlying dimple, lipoma or tuft of hair to warn the obser- 
vant of a bony abnormality beneath. More rarely there is a gross defeet of 
one or several arehes with protrnsion of the spinal eord or its eoverings; this 
anomaly may be assoeiated with hydroeephalns. 

L5 may oeeasionally fuse wholly or in part with the sacrum (saeraliza- 
tion of the 5th lumbar vertebra) or^ more rarely the Ist segment of the 
saernm may differentiate as a separate vertebra (Inmbarization of Sl). 

The ìntervertebral joìnts 

The spinal column is made up of individual vertebrae which articulate 
body to body and their artienlar faeets. Although movement between adja- 
eent vertebrae is slighL the additive effeet is eonsiderable. Movement par- 
tienlarly occurs at the eervieodorsal and dorsolnmbar jnnetions; these are 
the two eommon sites of vertebral injury. 

The vertebral laminae are linked by the ligamentum flaviim of elastie 
tissue, the spines by the tough supraspinous and relatively weak interspinoiis 
ligaments, and the artienlar faeets by artienlar ligaments around their small 
synovial joints. All these ligaments serve to support the spinal column 
when it is in the fully flexed position. 

Rnnning the whole length of the vertebral bodies, along their anterior 
and posterior aspeets respeetively are the tough anterior and posterior longi- 
tndinal ligaments. 

The vertebral bodies are also joined by the extremely strong interverte- 
hral dises (Fig. 233). These eaeh eonsist of a peripheral annulus fibrosus, 
which adheres to the thin eartilage plate on the vertebral body above and 
below^ and which surrounds are gelatinons semifluid nucleus pidposiis. The 
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Fig. 233 (a) Longitudinal 
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intervertebral dises constitute approximately a quarter of the length of the 
spine as well as aeeonnting for its seeondary curvatures. 

In old age, the dises atrophy, with resnlting shrinkage in height and 
return of the curvature of the spine to the C shape of the newborn. 


eiinieal features 


1 Fraetnres of the spine most eommonly involve T12, L1 and L2. The 
cause is usually a flexion-compression type of injury (for example, a fall 
from a height landing on the feet or bnttoeks, or a heavy weight falling on 
the shonlders), with resnltant wedging of the involved vertebrae. If, in 
addition to eompression, there is foreefnl forward movement, one vertebra 
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may displaee forward on its neighbonr below with either disloeation or 
fraetnre of the artienlar faeets between the two (fraetnre disloeation) and 
with rupture of the interspineous ligaments. 

The eervieal vertebrae (partienlarly C7), may be fraetnred or, more eom- 
monly disloeated by a fall on the head with acute flexion of the neek, as 
might happen on diving into shallow water. Disloeation may even result 
from the sudden forward jerk which may occur when a motorear or aero- 
plane erashes. Note that the relatively horizontal intervertebral faeets of the 
eervieal vertebrae allow disloeation to take plaee without their being frae- 
tured^ whereas the relatively vertieal thoraeie and lumbar interverbral 
faeets nearly always fraetnre in forward disloeation of the dorsolnmbar 
region. 

2 The eomparatively thin posterior part of the annulus fibrosus may 
rupture, either due to trauma or to degenerative ehanges, allowing the 
nucleus pulposus to protrude posteriorly into the vertebral eanal—the so- 
ealled 'prolapsed intervertebral dise' (Fig. 233). This may sometimes occur 
at the lower eervieal intervertebral dises (C5/6 and C6/7), very oeeasion- 
ally in the thoraeie and upper lumbar region or, by far the most eommonly 
at the L4/5 or L5/S1 dise. The diagnosis of this and other spinal eonditions 
has been greatly faeilitated by the introdnetion of MRI seans which give 
excellent anatomieal details of this region (Fig. 233b). 

A prolapsed L4/5 dise prodnees pressnre effeets on the root of the 5th 
lumbar nerve, that of the L5 / S1 dise on the Ist saeral nerve. Pain is referred 
to the baek of the leg and foot along the distribntion of the seiatie nerve. Hip 
flexion with the leg extended ('straight leg raising') is painfnl and limited 
due to the traetion which this movement puts upon the already irritated 
and stretehed nerve root. There may be a weakness of ankle dorsiflexion 
and nnmbness over the lower and lateral part of the leg and medial side of 
the foot (L5) or the lateral side of the foot (Sl). L5 involvement may cause 
weakness of extension of the great toe (extensor hallneis longus). If S1 is 
affeeted, the ankle jerk may be diminished or absent and there may be 
weakness of plantar flexion. 

Oeeasionally the dise prolapses direetly backwards, and, if this is exten- 
sive, may eompress the whole cauda equina, prodneing paraplegia. 

3 Lumbar puncture—see page 338. 
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The spinal eord 


The spinal eord is 18 in (45 em) long. It is eontinnons above with the mednlla 
oblongata at the level of the foramen magnnm and ends below at the lower 
level of the Ist, or the npper level of the 2nd Inmbar vertebra. Inferiorly, it 
tapers into the eonns mediillaris from which a prolongation of pia mater, the 
filnm terminale, deseends to be attaehed to the baek of the coccyx. 

The eord bears a deep longitndinal anterior fissnre, a narrower posterior 
septnm and on either side, a posterolateral sideiis along which the posterior 
(sensory) nerve roots are serially arranged (Fig. 234). 

These posterior roots eaeh bear a ganglion which eonstitntes the first 
eell-station of the sensory nerves. 

The anterior (motor) nerve roots emerge serially along the anterolateral 
aspeet of the eord on either side. Both the anterior and posterior nerves 
arise by a series of rootlets from the eord. 

At eaeh intervertebral foramen the anterior and posterior nerve roots 
nnite to form a spinal nerve which immediately divides into its anterior and 
posterior primary rami, eaeh transmitting both motor and sensory fibres. 

The length of the roots inereases progressively from above downwards 
due to the disparity between the length of the eord and the vertebral 
eolnmn; the lumbar and saeral roots below the termination of the eord at 
vertebral level L2 eontinne as a leash of nerve roots termed the eanda equina. 

Age differenees 

Up to the 3rd month of fetal life the spinal eord oeenpies the full extent of 
the vertebral eanal. The vertebrae then ontpaee the eord in the rapidity of 
their growth so that, at birth, the eord reaehes only the level of the 3rd 
lumbar vertebra (Fig. 235). 

Further differential growth up to the time of adoleseenee brings the 
eord to its definitive position at the approximate level of the dise between 
the Ist and 2nd lumbar vertebrae (Fig. 236). 


Structure (Fig. 234 ) 

In transverse seetion of the eord is seen the eentral eanal aronnd which is the 
H-shaped grey matter, surrounded in turn by the zvhite matter which eon- 
tains the long aseending and deseending traets. 

Within the posterior horns of the grey matter, eapped by the siibstantia 
gelatinosa, terminate many of the sensory fibres entering from the posterior 
nerve roots. In the large anterior horns lie the motor eells which give rise to 
the fibres of the anterior roots. 

In the thoraeie and upper lumbar eord are found the lateral horns on eaeh 
side, eontaining the eells of origin of the sympathetie system. 
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Fig. 235 The relationship 
betvveen the spinal eord 
and the vertebrae in the 
3-month fetus and in the 
newborn ehild. 


The more important long traets in the white matter will now be dealt 
with. 


Deseending traets (Fig. 237 ) 

1 The pyramidal {lateral eerehrospinal or erossed motor) traet. The motor 
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Fig. 236 The range 
of variation in the 
termination of the spinal 
eord in the adult. 
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Fig. 237 The loeation of the important spinal traets. (The deseending traets are 
shown on the left, the aseending traets on the right.) 
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pathway eommenees at the pyramidal eells of the motor cortex, deenssates 
in the mednlla, then deseends in the pyramidal traet on the eontralateral 
side of the eord. At eaeh spinal segment, fibres enter the anterior horn and 
eonneet up with the motor eells there—the traet therefore beeomes progres- 
sively smaller as it deseends. 

2 The direet pyramidal (anterior eerebrospinal or nnerossed motor) traet is a 
small traet deseending without medullary decussation. At eaeh segment, 
however, fibres pass from it to the ventral horn (anterior) motor eells of the 
opposite side. 

Aseending traets (Fig.237) 

1 The posterior and anterior spinoeerebellar traets aseend on the same side of 
the eord and enter the eerebellnm throngh the inferior and snperior eerebel- 
lar pedimeles respeetively. 

2 The lateral and anterior spinothalamie traets. Pain and temperatnre fibres 
enter the posterior roots, aseend a few segments, relay in the snbstantia 
gelatinosa, then eross to the opposite side to aseend in these traets to the 
thalamns^ where they are relayed to the sensory cortex. 

3 The posterior eolnmns eomprise a medial and lateral traet, termed respee- 
tively thefaseienlnsgraeilis (ofGoll) síndfaseienlns eiineatiis (ofBiirdaeh). They 
eonvey Ist order sensory fibres snbserving fine touch and proprioeeption 
(position sense), mostly nnerossed, to the graeile and eimeate nuclei in 
the mednlla where, after synapse, the 2nd order fibres deenssate, pass to the 
thalamns and, after fnrther synapse, 3rd order fibres are relayed to the 
sensory cortex. Some fibres pass from the mednlla to the eerebellnm along 
the inferior eerebellar pednnele. 

Blood supply 

The anterior and posterior spinal arteries deseend in the pia from the intraera- 
nial part of the vertebral artery They are reinforeed serially by branehes 
from the aseending eervieah the eervieal part of the vertebral, the intereostal 
and the lumbar arteries. 


eiinieal features 


1 Gomplete transeetion of the eord is followed by total loss of sensa- 
tion in the regions snpplied by the eord segments below the level of 
injnry together with flaeeid muscle paralysis. As the eord distal to the 
seetion reeovers from a period of spinal shoek, the paralysis beeomes 
spastie, with exaggerated reflexes. Volnntary sphineter eontrol is lost 
but reflex emptying of bladder and rectum subsequently return, provided 
that the eord eentres sitnated in the saeral zone of the eord are not 
destroyed. 

2 Destrnetion of the eentre of the eord, as occurs in syringomyelia and in 
some intramednllary tumours, first involves the deenssating spinothalamie 
fibres so that initially there is bilateral loss of pain and temperatnre sense 
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below the lesion; proprioeeption and fine touch are preserved till late in the 
nnerossed posterior eolnmns. 

3 Hemiseetion of the eord is followed by the Brown-Séquard syndrome; 
there is paralysis on the affeeted side below the lesion (pyramidal traet) and 
also loss of proprioeeption and fine diserimination (dorsal eolnmns). Pain 
and temperatnre senses are lost on the opposite side below the lesion, 
because the affeeted spinothalamie traet earries fibres which have decus- 
sated below the level of eord hemiseetion. 

4 Tahes dorsalis, which is a syphilitie degenerative lesion of the posterior 
eolnmns and posterior nerve roots, is eharaeterized by loss of proprioeep- 
tion; the patient beeomes ataxic, partienlarly if he eloses his eyes, beeanse 
he has lost his position sense for which he ean partially eompensate by 
visual knowledge of his spatial relationship (Romberg's sign). 

5 intraetable pain ean be treated in seleeted eases by entting the appropri- 
ate posterior nerve roots (posterior rhizotomy) or by division of the 
spinothalamie traet on the side opposite the pain (eordotomy). A knife 
passed 3mm into the eord anterior to the dentienlate ligament and then 
swept anteriorly from this point will sever the spinothalamie traet but pre- 
serve the pyramidal traet lying immediately posterior to it. 

The membranes of the eord (the menìnges) 

(Fig. 238) 

The spinal eord, like the brain, is elosely ensheathed by the pia mater. This is 
thiekened on either side between the nerve roots to form the dentienlate liga- 
ment, which passes laterally to adhere to the dura. Inferiorly the pia eontin- 
ues as BeeejiliLm terminale, which pierees the distal extremity of the dural sae 
and beeomes attaehed to the coccyx. 

The araehnoid mater lines the dura matter, leaving an extensive suharach- 
noid spaee, eontaining eerebrospinal fluid (C.S.F.), between it and the pia. 
Both pia and araehnoid are eontinned along the spinal nerve roots. 

The dura itself forms a tough sheath to the eord. It ends distally at the 
level of the 2nd saeral vertebra. It also eontinnes along eaeh nerve root and 
blends with the sheaths of the peripheral nerves. 
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Fig. 238 The membranes of the spinal eord. 
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The eentral nervous system 


The extradiiral (or epidural) spaee is the eompartment between the dural 
sheath and the spinal eanal. It extends downwards from the foramen 
magnum (above which the dura beeomes two-layered) to the saeral hiatus. 
It is filled with semiliquid fat and eontains lymphaties (althongh there are 
no lymphaties within the nervons system deep to the dura), together with 
arteries and large, thin-walled veins. These ean be eonsidered equivalent 
to the eerebral venous sinuses which lie between the two layers of 
eerebral dura. 

Whereas the arteries of this spaee are relatively insignifieant, the 
extradural veins form a plexus which communicate freely and also reeeive 
the basivertebral veins, which emerge from eaeh vertebral body on its poste- 
rior aspeet. In addition, the veins link up with both the pelvie veins beIow 
and the eerebral veins above—a pathway for the spread of both baeteria and 
tumour eells. This accounts, for example, for the ready spread of prostatie 
eaneer to the saernm and vertebrae (Batson's Valveless vertebral venous 
plexus'). 


eiinieal features 


Liimhar pnnetnre to withdraw C.S.F. from the spinal snbaraehnoid spaee 
must be performed well elear of the termination of the eord. A line joining 
the iliae erests passes throngh the 4th Inmbar vertebra (see Fig. 42) and 
therefore the intervertebral spaees immediately above or below this land- 
mark ean be used with safety. The spine must be fully flexed (with the 
patient either on his side or seated) so that the vertebral interspinons spaees 
are opened to their maximum extent (Fig. 239). The needle is passed 
inwards and somewhat eranially exactly in the midline and at right angles 
to the spine; the supraspinous and interspinons ligaments are traversed 
and then the dura is penetrated, the latter with a distinet 'give'. Oeeasion- 
ally root pain is experienced if a root of the cauda equina is impinged upon, 
but usually these float elear of the needle. 

At spinal puncture C.S.F. ean be obtained for examination; antibioties, 
radio-opaque eontrast medium or anaestheties may be injeeted into the 
snbaraehnoid spaee, and the C.S.F. pressnre ean be estimated (normal, 
when lying on the side, 80-180 mm C.S.F.). Abloek in the spinal eanal above 
the point of pimetnre, prodneed, for example, by a spinal tumour, ean be 
revealed by Queckenstedt's test as follows: 

Pressnre is applied to the neek in order to eompress the internal jugular 
veins; this rednees venous outflow from the cranium and raises the 
intraeranial pressnre. Consequently C.S.F. is displaeed into the spinal sae 
and the C.S.F. pressnre, as determined by lumbar puncture and manome- 
try rises briskly by at least 40 mm. This rise in pressnre is not seen if a spinal 
bloek is present. 

Extradural bloek. The extradural spaee ean be entered by a needle passed 
either between the spinal laminae or via the saeral hiatus (caudal or saeral 
anaesthesia, see page 132). 
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Fig. 239 (a) The lumbar interlaminar gap when the spine is £lexed; this anatomieal 
faet makes lumbar puncture possible. The loeations of the spines of L2 and L4 in the 
extended position are shown eross-hatehed. (b) The anatomy of lumbar puncture. 


The brain 


The medulla 

The mednlla is 1 in (25 mm) in length and abont 0.75 in (18 mm) in diameter. 
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The eentral nervous system 


It is continuous below, through the foramen magnum, with the spinal eord 
and above with the pons; posteriorly, it is eonneeted with the eerebellnm by 
way of the inferior eerebellar pednneles. 


External features (Fig.240) 

The anterior snrfaee of the mednlla is grooved by an anteromedian fissnre, 
on either side of which are the swellings due to the pyramidal traets. These 
pyramids, in turn, are separated from the olivary eminenees by the anterolat- 
eral sulcus along which the rootlets of the XIIth eranial nerve emerge. 
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Fig. 240 The base of the brain showing the eranial nerve roots and their 
relationships to the eirele of Willis. 
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Between the olive and the inferior eerebellar pednnele there is yet another 
groove eorresponding to the posterolateral sulcus of the spinal eord; emerg- 
ing from this groove are the rootlets of eranial nerves IX, X and XI (see Fig. 
242). The posteromedian sulcus of the eord is continued half-way up the 
medulla, where it widens out to form the posterior part of the IVth ventri- 
ele. On either side of the fissnre the posterior eolnmns of the spinal eord 
expand to form two distinet hibereles, eorresponding to the graeile and 
enneate nuclei. 

Deep structure 

The deep structure of the medulla is best shown by referenee to diagrams 
representing the eross-seetional appearanee of the mednlla at the level of the 
sensory deenssation and the lower part of the IVth ventriele (Figs 241,242). 
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Fig. 241 Cross-section throngh the medulla at the level of the sensory decussation. 
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Fig. 242 Cross-section through the medulla at the level of the caudal part of the 4th 
ventriele. 
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The eentral nervous system 


The hlood snpply of the medulla is derived from the vertebral arteries 
direetly and from their posterior inferior eerebellar branehes. 


eiinieal features 


The medulla eontains the respiratory, eardiae and vasomotor eentres—the 
Vital eentres'. The respiratory eentre is partienlarly vnlnerable to eompres- 
sion, injnry or poliomyelitis with consequent respiratory failnre. 

The pons 

External features (Fig.240) 

The pons lies between the mednlla and the midbrain and is eonneeted to 
the eerebellnm by the middle eerebellar pednneles. It is lin (25 mm) in 
length and 1.5 in (38 mm) in width. Its ventral snrfaee presents a shallow 
median groove and numerous transverse ridges, which are continuous lat- 
erally with the middle eerebellar peduncle. The dorsal snrfaee of the pons 
forms the upper part of the floor of the IVth ventriele. Its jnnetion with the 
mednlla is marked elose to the ventral midline by the emergenee of the Vlth 
eranial nerves and, in the angle between the pons and the eerebellnm, by 
the VII th and VlIIth nerves. Both the motor and sensory roots of V leave the 
lateral part of the pons near its upper border. 

Internal structure 

The pons eonsists for the most part of a number of eell masses (the pontine 
nnelei), seattered amongst the long aseending and deseending pathways 
and the deenssating pontoeerebellar fibres, the pontine tegmentnm (the 
pontine eomponent of the retienlar formation) and the eentral eonneetions 
of the Vth, Vlth and Vllth eranial nerves. 

Atypieal eross-seetion throngh the pons is shown in Fig. 243. 

The blood snpply of the pons is derived from the basilar artery (Fig. 240), 
formed by the jnnetion of the two vertebral arteries, by way of a number of 
small pontine branehes. 

The cerebellum 

External features (Fig.240) 

The eerebellnm is the largest part of the hind-brain and oeenpies most of the 
posterior eranial fossa. It is made up of two lateral eerebellar hemispheres and 
a median vermis. Inferiorly, the vermis is elearly separated from the two 
hemispheres and lies at the bottom of a deep eleft, the valleenla; snperiorly, it 
is only marked off from the hemispheres as a Iow median elevation. A small 
ventral portion of the hemisphere lying on the middle eerebellar pednnele 
is almost eompletely separated from the rest of the eerebellnm as the floeeii- 
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Fig. 243 The pons—level of the right VI nerve nucleus and the intrapontine course 
of the faeial nerve and, on the left, of the nuclei of V. 


lus. The surface of the cerebellum is divided into numerous narrow/o/zíz 
and, by a few deep fissures, into a number of lobules. The effeet of this 
fissuring is to give the cerebellum in seetion the appearanee of a many- 
branehed tree (the arhor vitaé). 

Internal structure 

The structure of the cerebellum is remarkably uniform. It eonsists of a cortex 
of grey matter (in which all the afferent fibres terminate) eovering a mass of 
white matter, in which deep nuclei of grey matter are buried. Of these, the 
dentate nneleiis is by far the largest and occupies the eentral area of eaeh 
hemisphere. The other nuclei are emboliformis, globosns anáfastigii. 

The cerebellum is eonneeted to the brainstem by way of three pairs of 
eerebellar peduncles. The inferior pedimeles eonneet it to the dorsolateral 
aspeet of the mednlla; the middle eerebellar pednneles to the pons, and the 
snperior pednneles ... to the caudal midbrain. Ventrally, the eerebellnm is 
related to the 4th ventriele and to the mednlla and pons; laterally, to the 
sigmoid sinus and the mastoid antrum and air eells; while dorsally, it is 
separated from the eerebral hemispheres by the tentorinm eerebelli. 

The blood snpply of the cerebellum is derived from three pairs of arteries 
(Fig. 212); the posterior inferior eerebellar branehes of the vertebral arteries 
supply the posterior aspeet of the vermis and hemispheres, and the anterior 
inferior and snperior eerebellar branehes ofthe basilar artery supply the antero- 
lateral part of the under surface and the snperior aspeet of the eerebellnm 
respeetively. 
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The eentral nervous system 


Table 5 Theeerebellareonneetions. 


Pedimele Afferent pathway 


Efferent pathway 


Superior 

Anterior spinoeerebellar 

From dentate nucleus (erossed) to: 


(nnerossed) 

1 thalamus 

2 eerebral cortex 

3 red nucleus 

Middle 

Pontoeerebellar (erossed)—relays 
from eerebral cortex via pontine 
nuclei 


Inferior 

fastigial 

1 Vestibulocerebellar (uncrossed) 

From eerebellar cortex and 


2 Posterior spinoeerebellar 
(nnerossed) 

3 Olivoeerebellar (erossed)— 
fnnetion unknown 

nucleus to vestibular nuclei 


Gonneetions of the eerebellonn 

The prineipal afferent and efferent pathways of the eerebellnm are set out in 
Table 5. 


eiinieal featores 


1 The eerebellnm is prineipally eoneerned with balanee and the regnla- 
tion of posture, muscle tone and muscular eo-ordination; consequently 
eerebellar lesions result in some distnrbanee of one or more of these motor 
fnnetions in the form of an nnsteady gaih hypotonia, tremor, nystagmns 
and dysarthria. Lesions of the eerebellnm give rise to symptoms and signs 
on the same side of the body. Destrnetion of the dentate nucleus or the supe- 
rior eerebellar peduncle resnlts in almost as severe a disability as ablation of 
the entire eerebellar hemisphere. 

2 Thrombosis of the posterior inferior eerebellar artery gives rise to a 
eharaeteristie syndrome marked by ataxia and hypotonia of the homolat- 
eral limbs due to involvement of the inferior eerebellar pednnele and 
cortex, signs of eranial nerve involvement (V to X) and eontralateral loss of 
pain and thermal sensibility (spinothalamie involvement). 

The midbraìn 

The midbrain is the shortest part of the brain stem; it is just under 1 in 
(25 mm) long and eonneets the pons and eerebellnm to the dieneephalon. 
It lies in the gap in the tentorinm eerebelli and is largely hidden by the 
surrounding structures. 


External features (Fig.240) 

The only parts of the midbrain visible from the ventral aspeet of the brain 
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are the two eerebral pediineles, which emerge from the snbstanee of the eere- 
bral hemisphere and pass downwards and medially, eonneeting the inter- 
nal eapsnle to the pons. The fibres of the 3rd nerves emerge between the 
two eerebral pednneles in the interpednneiilarfossa. Viewed from the lateral 
aspeeh the midbrain ean be seen to eonsist of three distinet portions: the 
basis pedunculi ventrally the midbrain tegmentnm eentrally and the teetiim 
dorsally. The troehlear nerve (IV), the optie traet and the posterior eerebral 
artery wind around this aspeet of the midbrain. The dorsal snrfaee of the 
midbrain presents the four eollienli (or eorpora quadrigemini) and the supe- 
rior mednllary velum between the two snperior eerebellar pednneles. The 
pineal gland rests between the two snperior eollienli and is attaehed by a 
stalk to the posterior dorsal thalamns. It seeretes melatonin and has an 
important role in setting the eireadian rhythm. 

Internal structure 

The internal structure of the midbrain is again best deseribed by referenee 
to eross-seetional diagrams at representative levels: viz. at the level of the 
inferior and the snperior eollienli (Figs 244,245). 

Observe that these seetions pass throngh the midbrain at the level of the 
deenssation of the snperior eerebellar pednnele and the nucleus of the 4th 
nerve, on the one hand, and throngh the red nucleus and the nucleus of III 
on the other. The three snbdivisions of the midbrain are also elearly seen in 
these fignres. Above the level of the eerebral aqueduct lies the teetnm and 
between the aqueduct and the basis pedunculi is the grey matter of the 
tegmentiim separated from basis pedunculi by the deeply pigmented 
lamina of the siibstantia nigra. This pigment is nenromelanin, eontained 
within the nenrons of the snbstantia nigra. (For its relationship to Parkin- 
son's disease, see page 360.) 
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Fig. 244 The midbrain—level of the inferior colliculus and decussation of the 
superior eerebellar peduncle. 













346 


The eentral nervous system 



Superior 
colliculus__ 


Tectum 


Nucleus of III 
Substantíd nigra 


Decussatíon 
of 


Gerebral peduncle 
and pyramidal 
traet 


Mamillary body 


nerve 


Aqueduct 

Medial 

lemniscus 


Red nucleus 


Fig. 245 The midbrain—level of the snperior colliculus and the red nucleus. 


eiinieal features 


When ealeified, the pineal gland is easily identified on skull radiographs. It 
may then give the important radiologieal sign of lateral displaeement by a 
spaee-oeenpying lesion of the eerebral hemisphere. 

The dieneephalon 

The dieneephalon eomprises the hypothalamns and thalamns. It is that part 
of the brain surrounding the 3rd ventriele (Fig. 246). 

The hypothalamus(Fig. 246 ) 

The hypothalamus forms the floor of the 3rd ventriele. It inelndes, from 
before backwards, the optie ehiasma, the tnher einerenm, the infnndihnlar 
stalk (leading down to the posterior lobe of the pitnitary), the mamillary hodies 
and the p>osìeYÌor perforated siibstanee. In eaeh of these there is anumber of eell 
masses or nuclei and a fibre pathway—the medial forebrain bundle—which 
runs throughout the length of the hypothalamns and serves to link it with the 
midbrain posteriorly and the basal forebrain areas anteriorly. 

Sherrington deseribed the hypothalamns as the head ganglion of the 
antonomie system. It is largely eoneerned with antonomie aetivity and ean 
be divided into a posteromedial sympathetie area and an anterolateral area 
eoneerned with parasympathetie aetivity. 

The hypothalamus plays an important part in endoerine eontrol by 
the formation of releasing faetors or release-inhibiting faetors. These sub- 
stanees, following their seeretion into the hypophyseal portal vessels, 
in£luence the production by the eells of the anterior pitnitary of adreno- 
eortieotrophin (ACTH), folliele-stimnlating hormone, Inteinizing hormone, 
prolaetin, somatotrophin, thyrotrophin and melanoeyte-stimnlating 
hormone. 
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Fig. 246 The thalamus and 3rd ventriele in eoronal seetion. 


The hormones oxytocin and vasopressin (anti-diuretic hormone, ADH) 
are produced by neurones in the hypothalamus and released at their axon 
terminals in the posterior pituitary 


eiinieal features 


1 Lesions of the hypothalamns may result in a variety of autonomic dis- 
tnrbanees, e.g. somnolenee, distnrbanees of temperatnre regulation and 
obesity as well as a variety of endoerine abnormalities, e.g. hypogonadism 
and hypothyroidism. 

2 Damage to the snpraoptie nuclei or the infundibular stalk leads to dia- 
betes insipidus. 

The pìtuitary gland (hypophysìs eerebrì) 

This is an example of a Two in one' organ of which nature is so keen; 
eompare the two glandular eomponents of the suprarenal cortex and 
mednlla, and the exocrine and endoerine parts of the panereas, testis and 
ovary. The pitnitary eomprises a larger anterior and smaller posterior lobe, 
the latter eonneeted by the hollow infundibulum (pituitary stalk) to the 
tuber cinereum in the floor of the 3rd ventriele. The two lobes are eonneeted 
by a narrow zone termed the pars intermedia. 

The pitnitary lies in the eavity of the pitnitary fossa eovered over by the 
diaphragma sellae, which is a fold of dura mater. This fold has a eentral 
apertnre throngh which passes the infundibulum. Below is the body of the 
sphenoid, laterally lies the eavemons sinus and its eontents separated by 
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The eentral nervous system 


dura mater (Fig. 215), with intercavernous sinuses communicating in front, 
behind and below. The optie ehiasma lies above, immediately in front of the 
infundibulum. 


Structure 

The anterior lobe is extremely eellnlar and eonsists of ehromophobe, 
eosinophilie and basophilie eells. The pars intermedia eontains large 
eolloid vesieles reminiseent of the thyroid. The posterior lobe is made up of 
nerve fibres whose eell stations lie in the hypothalamns. 

Development 

The posterior lobe is a eerebral diverticulum. The anterior lobe and the 
pars intermedia develop from Rathke's pouch in the roof of the primitive 
buccal eavity. Oeeasionally a tumour grows from remnants of the epithe- 
lium of this pouch (eraniopharyngioma). These tumours are often eystie 
and ealeified. 


eiinieal features 


Tumours of the pituitary, as well as forming intraeranial space-occupying 
lesions, may have two speeial featnres; their endoerine dishirbanees and 
their relationship to the optie ehiasma. 

ehromophohe aàenoma is the eommonest pitnitary tumour. As it en- 
larges it expands the pitnitary fossa (sella tnreiea) and this may be demon- 
strated radiologieally. Gompression of the optie ehiasma prodnees the 
very rapid typieal bitemporal hemianopia (see 'The optie nerve', pages 365 
and 366). The tumour itself is non-seeretory and gradnally destroys the 
normally hinetioning gland. The patient develops hypopitnitarism 
with loss of sex eharaeteristies, hypothyroidism and hypoadrenalism. 
In ehildhood there is an arrest of growth. As the tumour extends there 
may be involvement of the hypothalamns with diabetes insipidus and 
obesity. 

The eosinophil adenoma seeretes the pitnitary growth hormones. If it 
occurs before puberty, which is unusual, it produces gigantism; after 
puberty it results in aeromegaly. 

The hasophil adenoma is small, prodnees no pressnre effeets and may be 
assoeiated with Cushing's syndrome, althongh this more often results from 
hyperplasia or tumour of the suprarenal cortex. 

Pitnitary tumours may be approaehed through a frontal bone flap or, 
using the fibre-optie endoseope, throngh the nasal eavity and sphenoid 
sinus. 

The elose relationship of the pitnitary to the sphenoid sinus makes it 
possible to insert fibre-optie instrnments into the pitnitary gland by a 
transnasal, transsphenoidal approaeh. This is now the preferred approaeh 
to snrgery of pitnitary tumours. 
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The thalamus (seeFigs246,248) 

The thalamus is an oval mass of grey matter which forms the lateral wall of 
the 3rd ventriele; it extends from the interventrienlar foramen rostrally to the 
midbrain eandally. Laterally it is related to the internal eapsnle (and throngh 
it to the basal ganglia), and dorsally to the floor of lateral ventriele. Medially 
it is frequently eonneeted with its fellow of the opposite side throngh the 
massa intermedia (interthalamie connexus). Posteriorly it presents three dis- 
tinet eminenees, the pidvinar, and the medial and lateral genieidate hodies, these 
latter are the thalamie relay nuclei of hearing and vision respeetively. 

The thalamns is the prineipal sensory relay nucleus which projeets 
impulses from the main sensory pathways onto the eerebral cortex. It does 
this via a number of thalamie radiations in the internal eapsnle. 

The blood snpply of the thalamns is derived prineipally from the poste- 
rior eerebral artery throngh its thalamostriate branehes, which pieree the 
posterior perforated snbstanee to supply also the posterior part of the inter- 
nal eapsnle. Thalamie damage by oeelnsion of this blood supply results in 
eontralateral sensory loss of faee and body. 

The eerebral hemìspheres 

The eerebral hemispheres which, in man, have developed out of all propor- 
tion to the rest of the brain, eomprise the eerebral cortex, the basal ganglia, 
and their afferent and efferent eonneetions. The lateral ventrieles, eontain- 
ing eSF, are at their eentre. 

The eerebral cortex 

The cortex of the eerebral hemispheres is divided on topographieal and 
hinetional gronnds into four lobes—frontal, parietal, temporal and oeeipital 
(Fig. 247). 

Frontal lobe 

This inelndes all the cortex anterior to the eentral sulcus of Rolando. Its 
important eortieal areas are as follows: 

1 The motor cortex. The primary motor area oeenpies a large part of the 
preeentral gyrus. It reeeives afferents from the premotor cortex, thalamns 
and eerebellnm and is eoneerned with volnntary movements. Stimnlation 
of this area resnlts in diserete muscle movements. Details of loealisation of 
hinetion in the motor cortex are eonsidered on page 356. 

2 The premotor cortex. This lies anterior to the preeentral gyrus and the 
adjoining lower part of the frontal gyri. It too is eoneerned with volnntary 
movement, but its stimulation resnlts in less foenssed movements of 
groups of muscles with a eommon fnnetion. 

3 Eye motorfield. This lies in the middle frontal area anterior to the premo- 
tor cortex. Lesions of this area result in impaired eye movement with devia- 
tion of gaze to the side of the lesion. 
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Fig. 247 Loealization of 
fnnetion in the eerebral 
cortex. (a) Lateral aspeet. 
(b) Medial aspeet. 


4 Broea's speeeh area. Lesions of the area aronnd the posterior part of the 
inferior frontal gyrus of the dominant (usually the left) hemisphere were 
shown by Broea to affeet the motor element in speeeh. 

5 Frontal assoeiation cortex (elinieally ealled the prejrontal cortex). This eom- 
prises a eonsiderable part of the frontal lobe and is one of the remarkable 
developments of the human brain. Its afferents are derived from the thala- 
mus, limbie area and also from other eortieal areas; it probably sends effer- 
ents to the thalamns and hypothalamns. From a fnnetional point of view 
the lateral aspeet of the frontal lobe appears to be related to Tntelleetnal 
aetivity' (i.e. eognitive fnnetions—analysis, jndgement and planning), the 
medial and orbital snrfaees to affeetive (or emotional) behavionr and the 
eontrol of antonomie aetivity. 


Parietal lobe 

The parietal lobe is bonnded anteriorly by the eentral sulcus and behind by 
a line drawn from the parieto-oeeipital sulcus to the posterior end of the 
lateral (Sylvian) sulcus. The important eortieal areas of the parietal lobe are 
as follows. 

1 The primary somato-sensory cortex. The posteentral gyrus reeeives affer- 
ent fibres from the thalamns and is eoneerned with all forms of somatie sen- 
sation. Details of loealization along the sensory cortex are eonsidered on 
pages 355-6. 

2 The parietal assoeiation cortex, eomprising the remainder of the parietal 
lobe, is eoneemed largely with the reeognition of somatie sensory stimnla- 
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tion and their integration with other forms of sensory information. It also 
reeeives afferents from the thalamns and, when damaged, gives rise to 
more complex defeets than simple loss of sensation—the inability to reeog- 
nise somatie stimnli ealled astereognosis; put a key or a eoin in the patient's 
hand —he is aware of the objeet but is unable to reeognise what it is. The 
lower part of the parietal lobe in the snbjeet's dominant hemisphere inter- 
aets with the somato-sensory visual and anditory assoeiations and has a 
key role in language. 


The temporal lobe 

This is arbitrarily separated from the oeeipital lobe by a line drawn verti- 
eally downwards from the upper end of the lateral sulcus. 

The important eortieal areas of the temporal lobe are the following. 

1 The anditory cortex. This lies in the snperior temporal gyrus on the lateral 
and snperior snrfaees of the hemisphere. Its afferent fibres are from the 
medial genienlate body and it is eoneerned with the pereeption of anditory 
stimnli. 

2 The temporal assoeiation cortex. The area surrounding the anditory cortex 
is responsible for the reeognition of anditory stimuli and for their integra- 
tion with other sensory modalities. Lesions of this area result in anditory 
agnosia, i.e. the inability to reeognize or to understand the signifieanee of 
meaningfnl sounds. The eortieal region just above and behind this area on 
the dominant hemisphere (VVernieke's area) is of eonsiderable importanee 
in the sensory aspeets of langnage eomprehension. This visual area of the 
oeeipital lobe eonneets with the temporal lobe and is eoneerned with visual 
reeognition. The antero-inferior aspeet of the frontal lobe eonneets with the 
medial aspeet of the temporal lobe and is eoneemed with behavior. 


The parahippoeampal gyrus 

The cortex of the most medial part of the undersurface of the temporal lobe 
is known as the parahippoeampal gyrus, much of which is referred to as the 
entorhinal cortex. It reeeives widespread assoeiation eortieal afferents and is 
a signifieant source of inputs to the hippocampus. Anteriorly it is related to 
the olfaetory cortex of the uncus. Medially it is in direet eontinnity with the 
layer of in-rolled cortex which is the hippoeampiis and which is one of the 
most important sonrees of afferents to this structure. The hippocampus 
occupies the whole length of the floor of the inferior hom of the lateral ven- 
triele and extends to the amygdala. It sends its efferents into the overlying 
layer of white matter known as the alvens. The fibres of the alveus eolleet on 
the medial margin of the hippocampus to form a eompaet bundle, the 
fimbria, which, as it arehes under the corpus callosum, beeomes known as 
i]\efornix. The fornix passes forwards and then downwards in front of the 
interventrienlar foramen and finally backwards into the hypothalamus to 
terminate in the mamillary body. It also gives fibres to the thalamus and the 
hypothalamus. 

Projeetion of the hippoeampns to the hypothalamus is part of the limbie 




352 


The eentral nervous system 


system. This is an important snbstrate for emotions, behavionr and memory. 
The eirenit is eompleted by projeetions of the hypothalamns to the thala- 
mus, from the thalamus to the cingulate gyrus and from thenee baek to the 
hippoeampns. Bilateral hippoeampal damage resnlts in inability to form 
new long-term memories. 

The amygdaloìd nuclear complex 

The amygdaloid nnelear complex is also a prominent temporal lobe struc- 
ture, situated immediately rostral to the hippocampus. It is eonveniently 
divided into three groups of nuclei: eortieomedial, eentral and basolateral, 
which reeeive largely olfaetory gnstatory and assoeiation eortieal afferents 
respeetively. These divisions also have more or less separable projeetions to 
the hypothalamns and septum, brainstem antonomie eentres and ventral 
striatnm. The amygdala is involved in the eontrol of emotional behavionr 
and eonditioned re£lexes. Its nenroanatomieal eonneetions are elearly 
appropriate for such a role, sinee it is in a position to affeet emotional 
responses in endoerine, antonomie and motor domains. Destrnetion of the 
amygdala is partienlarly assoeiated with redneed aggressive behavionr, 
whilst the very high density of benzodiazepine reeeptors here has sug- 
gested amygdaloid involvement in anxiety and stress and their treatments. 

Oeeipital lobe 

The oeeipital lobe lies behind the parietal and temporal lobes. On its medial 
aspeet it presents the Y-shaped ealearine and postealearine snlei (Fig. 247). 
The following eortieal areas are noteworthy: 

1 The visual cortex surrounds the ealearine and postealearine sulci and 
reeeives its afferent fibres from the lateral genienlate body of the thalamns 
of the same side; it is eoneerned with vision of the opposite half field of 
sight (see Fig. 248). 

2 The oeeipital assoeiation cortex lies anteriorly to the visual cortex. This 
area is particularly eoneerned with the reeognition and integration of visual 
stimuli. 


The msula (Fig.246) 

If the lips of the lateral sulcus are separated, it is seen that there is a eonsid- 
erable area of cortex buried in the floor of this sulcus. This area is known as 
the insnla of Reil. It is divided into a number of small gyri and is erossed by 
the middle eerebral artery Apart from its upper part, which abuts on the 
sensory cortex and probably represents the taste area of the eerebral cortex, 
the fnnetion of the insula is unknown. Its stimnlation excites viseeral effeets 
such as belehing, inereased salivation, gastrie movements and vomiting. 


The eonneetìons of the eerebral cortex 

As has been indieated, most areas of the eerebral cortex reeeive their main 
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afferent input from the thalamns, but, in addition to this, there are well- 
established eommissnral eonneetions with the eorresponding area of the 
opposite hemisphere by way of the eorpiis eallosiim. Assoeiational intraeorti- 
eal eonneetions also link neighbouring eortieal areas on the same side and, in 
some eases, eonneet distant eortieal areas; thus, the frontal, oeeipital and 
temporal lobes are direetly eonneeted by long assoeiation pathways. 


eiinieal features 


It is eonvenient to summarize here the elinieal effeets of lesions affeeting the 
prineipal eortieal areas. 

1 Frontal impairment of higher mental functions and emotions. 

2 Preeentral (motor) cortex — weakness of the opposite side of the body; 
lesions low down the cortex affeeting the faee and arm, high lesions 
affeeting the leg. Midline lesions (meningioma, sagittal sinus thrombosis 
or a gunshot wound) may prodnee paraplegia by involving both leg areas. 

3 Sensory cortex — eontralateral hemianaesthesia (distribnted in the same 
pattern as the motor cortex) affeeting espeeially the higher sensory modali- 
ties such as stereognosis and two-point position sense. 

(For area loealizations along the motor and sensory cortex, see pages 355 
and 356.) 

4 Oeeipital cortex—eontralateral homonymons hemianopia. 

5 Lesions adjaeent to the lateral sulcus in either the frontal, parietal or 
temporal lobes of the dominant hemisphere result in aphasia. 

The basal ganglia (Figs246,248) 

These eompaet masses of grey matter are sihiated deep in the substance of 
the eerebral hemisphere and eomprise the eorpiis striatiim (eomposed of the 
caudate nucleus, the putamen and the globus pallidus) and the elanstnim. 
Together with the eerebellnm, they are involved in eo-ordination and 
eontrol of movement. 


The corpus striatum 

The eandate nneleiis is a large homogeneons mass of grey matter eonsisting of 
a head, anterior to the interventrienlar foramen and forming the lateral wall 
of the anterior horn of the lateral ventriele; a hody, forming the lateral wall of 
the body of the ventriele; and an elongated tail, which forms the roof of the 
inferior (temporal) horn of the ventriele. It is largely separated from the 
pntamen by the internal eapsnle, but the two structures are eonneeted anteri- 
orly. The pntamen is a ronghly ovoid mass elosely applied to the lateral aspeet 
of the globns pallidiis; together, they are ealled the lentiform mielens. The 
corpus striatum reeeives afferent eonneetions from the eerebral cortex and 
sends efferents to the globus pallidus. From thenee, fibres projeet to the thal- 
amus and, from thenee, baek to the premotor cortex. Dopaminergie fibres 
projeet from the substantia nigra to the corpus striatum and efferent fibres 
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throngh the eerebrnm. 


also pass to the thalamns, hypothalamns, red nucleus, substantia nigra and 
the inferior olivary nucleus (Figs. 242 and 245). 

The long aseendìng and deseendìng pathvvays 

The somatie afferent pathvvays (Fig. 249 ) 

1 Proprioeeptive and taetile impulses pass uninterruptedly through the 
posterior root ganglia, throngh the ipsilateral posterior eolnmns of the spinal 
eord to the graeile and eiineate nnelei in the lower part of the mednlla. In the 
posterior eolnmns there is a fairly preeise organization of the afferent fibres; 
those from saeral and lumbar segments are situated medially in the traets 
while fibres from thoraeie and eervieal levels are sneeessively added to their 
lateral aspeet. This arrangement aeeording to body segments is maintained 
in the graeile and enneate nuclei and in the efferents from these nuclei to the 
eontralateral thalamns. The fibres arising from the graeile and enneate 
nuclei immediately eross over to the opposite side in the sensory deenssation 
of the mednlla (Fig. 241) and eontinne up to the thalamus as a eompaet eon- 
tralateral bundle—the medial lemniseiis. 

1 Dorsal root fibres snbserving pain and temperature, together with some 
taetile afferents, end ipsilaterally in the siibstantia gelatinosa of the posterior 
horn. They then synapse and eross to the eontralateral anterior lateral 
eolnmns of the eord and are relayed to the eontralateral thalamns. The fibre 
erossing occurs in the anterior white commissure of the spinal eord. In the 
brainstem these fibres eome to lie immediately lateral to the medial lemnis- 
cus and are sometimes known as the spinal lemniseiis (see Figs 249, 258). 
They terminate in the thalamns. 
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Fig. 249 The long aseending pathvvays of the dorsal eolnmns (yellow lines) and 
spinothalamie traets (red lines). 


These somatie afferents are relayed from the thalamns, throngh the pos- 
terior limb of the internal eapsnle (Fig. 248) to the somatie sensory cortex of 
the posteentral gyrns. In the intemal eapsnle the fibres are arranged in the 
sequence Taee, arm, trimk and leg' from before backwards, and this segre- 
gation persists in the sensory cortex, where the leg is represented on the 
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dorsal and medial part of the cortex, the trunk and arm in its middle 
portion and the faee most inferiorly. Sinee the size of the area of eortieal rep- 
resentation refleets the density of the peripheral innervation and henee 
complexity of the fnnetion being performed rather than the area of the 
reeeptive field, there is a good deal of distortion of the body image in the 
cortex, the eortieal representation of the faee and hand being much greater 
than that of the limbs and trunk. 


eiinieal features 


1 Lesions of the sensory pathway most eommonly occur in the internal 
eapsnle following some form of cerebrovascular aeeident. If eomplete, 
these result in a total hemianaesthesia of the opposite side of the body In 
partial lesions the area of sensory loss will be determined by the site of the 
injury in the internal capsule and, from a knowIedge of the sensory (and 
motor) loss, it is usually possible to determine with some degree of accu- 
raey the site of a lesion in the capsule. 

2 Sinee there is modality segregation below the decussation of the 
medial lemniscus, lesions of the sensory pathways at eord level result in 
dissoeiation of sensation, with an area of analgesia eontralaterally together 
with impairment of taetile sensibility ipsilaterally (for further details, see 
pages 366-7). 

The auditory, visual and olfaetory pathways are dealt with later under 
the appropriate eranial nerves. 

The motor pathvvays (Fig.250) 

It is enstomary to divide the motor pathways of the brain and spinal eord 
into pyramidal and extrapyramidal systems. AIthough the latter is an 
impreeise eoneept, it provides a useful eolleetive term for the many motor 
structures not eonfined to the pyramidal traets in the medulla. 

The pyramìdal traet 

The pyramidal system is the main Volnntary' motor pathway and derives 
its name from the faet that projeetions to the motor neurons in the spinal 
eord are gronped together in the medullary pyramids. The fibres in this 
pathway arise from a wide area of the eerebral cortex. About two-thirds 
derive from the motor and premotor cortex of the frontal lobes; however, 
about one-third arises from the primary somatosensory cortex. In both the 
motor and premotor cortex there is an organization eomparable to that seen 
in the sensory area. Again, the body is inverted so that the Teg area' is situ- 
ated in the dorsomedial part of the preeentral gyrus eneroaehing on the 
medial snrfaee of the hemisphere, snpplied by the anterior eerebral artery. 
The Taee area' is near the lateral sulcus, while the 'arm area' occupies a 
eentral position, both snpplied by the middle eerebral artery. Again, the 
body image is greatly distorted; the area representing the hand, lips, eyes 
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Fig. 250 The long deseending pathway of the pyramidal traet. 


and foot are exaggerated out of proportion to the rest of the body and in 
aeeordanee with the complexity of the tasks they perform. 

From the cortex, the motor fibres pass throngh the posterior limb of the 
internal capsule (Fig. 248) where they are again organized in the sequence 
of Taee, arm, leg', anteroposteriorly. From the intemal capsule the fibres 
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form a eompaet bundle which oeenpies the eentral third of the eerebral 
pedimele. Henee they pass throngh the ventral pons, where they are broken 
up into a number of small bundles between the eells of the pontine nuclei 
and the transversely disposed pontoeerebellar fibres. Near the lower end of 
the pons they again eolleet to form a single bundle which eomes to lie on the 
ventral snrfaee of the mednlla and forms the elevation known as the 
'pyramid'. As it passes throngh the brainstem, the pyramidal system gives 
off, at regnlar intervals, eontribntions to the somatie and branehial areh 
efferent nuclei of the eranial nerves. Most of these eortieohnlhar fihres eross 
over in the brainstem, but many of the eranial nerve nuclei are bilaterally 
innervated. 

Near the lower end of the mednlla the great majority of the pyramidal 
traet fibres eross over to the opposite side and eome to occupy a eentral 
position in the lateral white column of the spinal eord. This is the so-ealled 
'erossed pyramidal traet' shown in Fig. 237. A small proportion of the fibres 
of the mednllary pyramid, however, remain nnerossed until they reaeh the 
segmental level at which they finally terminate. This is the direet or 
nnerossed pyramidal traet, which runs downwards elose to the anteromedian 
fissnre of the eord, with fibres passing from it at eaeh segment to the oppo- 
site side. 

In view of the frequent involvement of the pyramidal traet in eere- 
brovasenlar aeeidents, its blood supply is listed here in some detail: 

• motor cortex — leg area: anterior eerebral artery; faee and arm areas: 
middle eerebral artery; 

• internal capsi//c—branehes of the middle eerebral artery; 

• eerehral pednnele—postenor eerebral artery; 

• pons—pontine branehes of basilar artery; 

• mednlla—eLnterìoT spinal branehes of vertebral artery; 

• spinal eort/—segmental branehes of anterior and posterior spinal 
arteries. 


eiinieal features 


1 It is important to remember that, in the motor cortex, movements are 
represented rather than individnal mnseles; lesions of this pathway result 
in paralysis of voluntary movement on the opposite side of the body 
althongh the mnseles themselves are not paralysed and may cause involun- 
tary movements. This is the essential differenee between an 'upper motor 
neuron' lesion (i.e. a lesion of the eentral motor pathway) and a Tower 
motor neuron' lesion (i.e. a lesion affeeting the eranial nerve nuclei, or the 
anterior horn eells or their axons). In both types of lesion muscular paraly- 
sis results; in the latter, reflex aetivity is abolished, flaeeidity and muscular 
atrophy follow, whereas, in pyramidal lesions, there is spastieity, inereased 
tendon reflexes and an extensor plantar response. 

2 Experimental lesions strietly eonfined to the pyramidal traet are not fol- 
lowed by inereased muscular tone in the affeeted part (spastieity), but elini- 
eally this is a featnre of upper motor neuron lesions; it is attribntable to 
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eoneomitant involvement of the extrapyramidal system, henee demon- 
strating the over simplifieation of the pyramidal and extrapyramidal 
eoneept. 

3 The pyramidal traet is most frequently involved in eerebrovasenlar aeei- 
dents where it passes throngh the internal capsule. Indeed, the artery sup- 
plying this area — the largest of the perforating branehes of the middle 
eerebral artery—has been termed the artery ofeerebral haemorrhage. 

4 A list of the more important related signs is given here for involvement 
of the pyramidal traet at eaeh level. 

• Corto—isolated lesions may occur here, resulting in loss of volnntary 
movement in, say only one eontralateral limb, but often the sensory cortex 
is also involved. Aphasia in dominant hemisphere lesions, (usually left), 
involving Broea and Wernicke's areas and the cortex between them, is not 
nneommon. 

• Internal capsule—usueí\ly all parts of the traet are involved, giving a eom- 
plete eontralateral hemiplegia with assoeiated sensory loss. The lesion may 
extend baek to involve the visual radiation, giving a eontralateral homony- 
mous field defeet (hemianopia). 

• Gerehral pediinele and midhrain ~ ìhe fibres from the 3rd nerve are often 
eoneomitantly involved so that there are the assoeiated signs of a 3rd nerve 
palsy. 

• Pons—here the 4th nerve is often involved, alone or together with VII. 
There may then be a hemiplegia affeeting the arm and leg of the opposite 
side and an abdneens and a faeial palsy of the lower motor neuron type on 
the same side as the lesion. 

• Mednlla — beeanse of the proximity of the pyramids to one another, 
mednllary lesions often affeet both sides of the body. Paralysis of the tongue 
on the side of the lesion is due to involvement of the 12th nerve or its 
nucleus. The respiratory vasomotor and swallowing eentres may also be 
affeeted. 

• Spinal eord—the paralysis following lesions of the spinal eord is ipsilat- 
eral and aeenrately depends on the level at which the pyramidal traet is 
involved. Lower motor neurone lesion signs ean be deteeted at the level of 
the spinal trauma (direet injury) and upper motor neurone lesion signs 
below. The proximity of the pyramidal traets to the aseending sensory path- 
ways aeeonnts for the eoneomitant sensory ehanges which are usually 
found. 

The extrapyrannìdal system 

The extrapyramidal motor system should, by definition, inelnde all those 
motor projeetions which do not pass physieally throngh the medullary 
pyramids. It was onee thonght to eontrol movement in parallel with and, 
to a large extent, independently of the pyramidal motor system and the 
pyramidal/extrapyramidal division was used elinieally to distinguish 
between two motor syndromes: one eharaeterized by spastieity and para- 
lysis whereas the other involved involimtary movements, or immobility 
without paralysis. It is now elear that many 'e^trapyramidaT structures, 
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particularly the basal ganglia, aetnally eontrol movement by altering aetiv- 
ity in the premotor cortex and, thus, the pyramidal motor projeetions. This 
elearly emphasizes the blur between the two systems. 

Gomponents of the extrapyramidal system include the red nuclei, 
vestibular nuclei, superior colliculus and retienlar formation in the brain 
stem, all of which projeet via diserete pathways to inflnenee spinal eord 
motor nenrons. Gerebellar projeetions (see page 344) are also inelnded 
sinee they inflnenee not only these brainstem motor pathways, but also 
the motor cortex itself via the dentatothalamie projeetion. 

Perhaps the most important structures to retain an extrapyramidal defi- 
nition are the basal ganglia (see pages 353 and 354). The neostriatnm 
(eandate and pntamen) reeeives widespread eortieal afferents, inelnding 
those from high order sensory assoeiation and motor areas, and projeets 
mainly to the globus pallidus. The latter nucleus is the major outflow for the 
basal ganglia and, via the ventral anterior thalamus, exerts its major influ- 
enee on premotor and henee the motor eortiees. This pattern of eonneetions 
snggests that the basal ganglia are involved in complex aspeets of motor 
eontrol, inelnding motor planning and the initiation of movement. 

A variety of motor disorders are assoeiated with basal ganglia pathol- 
ogy and, in some instanees, neuroanatomically diserete defieits in speeifie 
nenrotransmitters. For example, Parkinson's disease involves the degener- 
ation of dopaminergie nenrons in the snbstantia nigra in the midbrain. This 
pigmented nucleus provides the neostriatum with a dense dopaminergie 
mnervation which may be eompletely lost in severe eases of Parkinsonism. 
Knowledge of this seleetive ehemieal neuropathology has resulted in the 
development of a treatment of the disease which involves the oral adminis- 
tration of the dopamine preenrsor L-dopa. 

The membranes of the braìn (the menìnges) 

The three membranes surrounding the spinal eord, the dura mater, araeh- 
noid mater and pia mater, are eontinned upwards as eoverings to the brain. 

The dura is a dense membrane which, within the eraninm, is made up of 
two layers. The outer layer is intimately adherent to the skull; the inner 
layer is united to the outer layer except where separated by the great dural 
venous sinuses and where it projeets to form four sheets (Fig. 214): 

• the falx eerebri; 

• the falx eerebelli; 

• the tentorium eerebelli; 

• the diaphragma sellae. 

The araehnoid is a delieate membrane separated from the dura by the 
potential siibdnral spaee. It projeets only into the longitndinal fissnre and the 
stem of the lateral fissnre. 

The pia is elosely monlded to the ontline of the brain; it dips down into 
the eerebral sulci leaving the siiharaehnoid spaee between it and the araeh- 
noid. This spaee is broken up by trabeculae of fine fibrons strands and eon- 
tains the eerebrospinal £luid. 
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Fig. 251 The ventriealar system. 


The ventrìcular system and the 
eerebrospìnal fluid circulatìon 

The eerebrospinal fluid (C.S.R) is formed by the seeretory aetivity of the 
epithelium eovering the ehoroid plexuses in the lateral, 3rd and 4th ventri- 
eles; it eirenlates through the ventricular system of the brain and drains into 
the snbaraehnoid spaee from the roof of the 4th ventriele before being reab- 
sorbed into the dural venous system. 

The general appearanee of the ventrienlar system is indieated in Fig. 
251. The two lateral ventrieles, which are by far the largest eomponents of the 
system, occupy a eonsiderable part of the eerebral hemispheres. Eaeh has 
an anterior horn (in front of the interventrienlar foramen), a body, above and 
medial to the body of the eandate nucleus, a posterior horn in the oeeipital 
lobe and an inferior horn reaehing down into the temporal lobe. The ehoroid 
plexuses of the lateral ventrieles, which are responsible for the production 
of most of the G.S.R^ extend from the inferior horn, throngh the body, to the 
interventrienlar foramen where they beeome continuous with the plexus of 
the 3rd ventriele (Fig. 246). 

The 3rd ventriele is a narrow midline slit-like eavity between the two 
thalami in its upper portion and the hypothalamns in its lower part. Its 
floor is formed by the hypothalamns. From the 3rd ventriele the C.S.F. 
passes throngh the narrow eerebral aquediict {of Sylvms) in the midbrain to 
reaeh the 4th ventriele. 

The 4th ventriele is diamond-shaped when viewed from above and tent- 
shaped as seen from the side. Its floor is formed below by the mednlla and 
above by the pons. Its roof is formed by the cerebellum and the snperior 
and inferior mednllary vela. The C.S.F. eseapes from the 4th ventriele into 
the snbaraehnoid spaee by way of the median and lateral apertnres (of 
Magendie and Lnsehka respeetively) and then flows over the surface of the 
brain and spinal eord. 

In eertain areas the snbaraehnoid spaee is eonsiderably enlarged to 
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form distinet eistems. The most important of these are: the eisterna magna 
between the eerebellnm and the dorsnm of the mednlla; the eisterna pontis 
over the ventral snrfaee of the pons, the interpednneiilar eistern between the 
two eerebral pednneles, the eisterna amhiens between the spleninm of the 
eorpns eallosnm and the snperior snrfaee of the eerebellnm (eontaining 
the great eerebral vein and the pineal gland), and the ehiasmatie eistern 
aroimd the optie ehiasma. Re-absorption of C.S.R is prineipally by way of 
the snperior longitndinal and the other dnral sinnses, the modified araeh- 
noid of the araehnoid grannlations piereing the dura and bringing the 
e.S.R into direet eontaet with the sinus mesothelium. Along the snperior 
sagittal sinus these granulations (or araehnoid villi) clump together to form 
the Paeehionian bodies, which prodnee the pitted erosions readily seen 
along the median line of the inner aspeet of the skull eap. 

About one-fifth of the C.S.R is absorbed along similar spinal villi or 
eseapes along the nerve sheaths into the lymphaties. This absorption of 
e.S.R is passive, depending on its hydrostatie pressnre being higher than 
that of the venous blood. 


eiinieal features 


1 Computerized axial tomography (CT seanning) has quite revolu- 
tionized the investigation of intraeranial space-occupying lesions (post- 
tranmatie haematoma^ abseess and neoplasms), both by delineating the 
lesion itself and by demonstrating displaeement of the ventrienlar system. 
Fignres 252 and 253 are representative transverse cuts through the skull to 
illustrate normal anatomieal featnres; note that the details of the anatomy 
of the ventrieles are elearly visnalized. 

2 Magnetie resonanee imaging (MRI) is partienlarly valnable in 
prodneing high-quality images of the eentral nervons system, althongh 
at present the technique is slower and much more expensive than CT 
(Fig. 254). 

3 The e.S.F. probably serves several pnrposes, inelnding the provision of 
a proteetive water-jacket and a regnlating meehanism of intraeranial pres- 
sure with ehanging eerebral blood flow. 

4 The total eapaeity of the C.S.F. in the adult is about 150 mb of which 
some 25 ml is eontained within the spinal theea; it is normally under a pres- 
sure of about 100 mm of water (with a range of 80-180) in the lateral hori- 
zontal position. The dural theea aets as a simple hydrostatie system, so that 
when the patient sits up, the C.S.F. pressure in the lumbar theea rises to 
between 350 and 550 mm, whereas the ventrienlar fluid pressure falls to 
below atmospherie. 

5 Certain parts of the C.S.F. pathway are narrow and easily obstrneted. 
These sites are the interventrienlar foramina, the 3rd ventriele, the 
aqueduch the exit foramina of the 4th ventriele and the snbaraehnoid 
spaee around the midbrain in the tentorial noteh. Obstrnetion to the 
system causes inereased intraeranial pressnre and ventrienlar dilatation 
(hy droeephalns). 
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through the level of the 
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6 The meningeal eoverings, together with the snbaraehnoid spaee, are 
prolonged along the optie nerve. Raised C.S.F. pressnre is transmitted 
along this spaee and may eompress the venons drainage of the eye, thus 
prodneing papilloedema. This swelling of the optie dise ean be deteeted by 
ophthalmoseopie examtnation of the fundus. 

7 Lumbar puncture—see page 338. 
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Fig. 253 CT sean cut 
through the level of the 
third ventriele. 
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Fig. 254 MRI sagittal 
seetion of the head. Note 
the fine details of brain 
structure which ean be 
visnalized by this 
technique. 


The eraníal nerves 


The olfaetory nerve (I) 

The fibres of the olfaetory nerve, nnlike other afferent fibres, are unique in 
being the eentral proeesses of the olfaetory eells and not the peripheral 
proeesses of a eentral group of ganglion eells. 

The eentral proeesses of the olfaetory reeeptors pass upwards from the 
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olfaetory mucosa in the upper part of the superior nasal eoneha and 
septum, through the eribriform plate of the ethmoid bone to end by synaps- 
ing with the dendrites of mitral eells in the olfaetory bulb. The mitral eells in 
turn send their axons baek in the olfaetory traet to terminate in the cortex of 
the uncus, the adjaeent inferomedial temporal cortex and the region of the 
anterior perforated spaee. The fnrther course of the olfaetory pathway is 
uncertain in man, but it is now elear that the hippocampus-fornix system is 
not direetly eoneerned with olfaetion. 


eiinieal features 


1 The sense of smell is not highly developed in man and is easily dis- 
turbed by eonditions affeeting the nasal mucosa generally (e.g. the eommon 
eold). However, nnilateral anosmia may be an important sign in the diag- 
nosis of frontal lobe tumours. Tumours in the region of the uncus may give 
rise to the so-ealled 'uncinate' type of fìt, eharaeterized by olfaetory halluci- 
nations assoeiated with impairment of eonseionsness and involnntary 
chewing movements. 

2 Bilateral anosmia due to interruption of the Ist nerve is eommon after 
head injuries, particularly in assoeiation with anterior eranial fossa frae- 
hires, when leakage of C.S.R throngh the eribriform plate may present as 
rhinorrhoea. 


The optìe nerve (II) and the vìsual pathvvay 

(For a deseription of the eye itself see the seetion on speeial senses, 

388.) 

The optie nerve is the nerve of vision. It is not a true eranial nerve but 
should be thought of as a brain traet which has beeome drawn out from the 
cerebrum. Embryologieally it is developed, together with the retina, as a 
lateral diverticulum of the forebrain. Devoid of nenrilemmal sheaths, its 
fibres, like other brain tissnes, are ineapable of regeneration after division. 

From a fnnetional point of view the retina ean be regarded as eonsisting 
of three eellnlar layers: a layer of reeeptor eells — the rods and eones — an 
intermediate layer of bipolar eells, and a layer of ganglion eells, whose axons 
form the optie nerve (Fig. 255). From all parts of the retina these axons eon- 
verge on the optie dise whence they pieree the selera to form the optie nerve. 

The optie nerve passes backwards and medially to the optie foramen 
throngh which it reaehes the optie groove on the dorsum of the body of the 
sphenoid. Here, all the fibres from the medial half of the retina (i.e. those 
eoneerned with the temporal visual field) eross over in the optie ehiasma to 
the optie traet of the opposite side, while the fibres from the lateral half of 
the retina (nasal visual field) pass baek in the optie traet of the same side. 
The great majority of the fibres in the optie traet end in the six-layered lateral 
genienlate hody of the thalamns, but a small proportion, snbserving pupil- 
lary ocular and head and neek reflexes, bypass the geniculate body to reaeh 
the superior colliculus and preteetal area. From the lateral genienlate body 
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Fig. 255 The layers of the 
retina. 


the fibres of the optie radiation sweep laterally, and some forwards into the 
temporal lobe before passing backwards to the oeeipital visnal cortex (the 
striate area surrounding the ealearine fissnre) where they terminate in such 
a way that the upper and lower halves of the retina are represented on the 
upper and lower lips of the fissnre respeetively (Figs 247,256). 


eiinieal features 


1 Lesions of the retina or optie nerve result in ipsilateral hlindness in the 
affeeted segment, but lesions of the optie traet and eentral parts of visual 
pathway result in eontralateral homonymons defeets. Similarly, lesions of the 
optie ehiasma (e.g. from an expanding pihiitary tumour) will give rise to a 
hitemporal hemianopia, i.e. there will be a loss of vision in both temporal 
eye-fields. 

2 The lesion responsible for the Argyll Rohertson piipil is thonght to be 
in the vieinity of the preteetal area. The pupil is eonstrieted, does not 
respond to light but responds to aeeommodation, but there is no satisfae- 
tory explanation why the pnpillary reaetion to light should be abolished 
while the eonvergenee-aeeommodation re£lex is preserved. It is elassieally 
seen in syphilis affeeting the CNS. 

The oculomotor nerve (III) 

In addition to snpplying most of the extrinsic eye mnseles, the oenlomotor 
nerve eonveys the preganglionie parasympathetie fibres for the sphineter of 
the pupil via the eiliary ganglion. Its nucleus of origin lies in the floor of the 
eerebral aqueduct at the level of the superior colliculus (Fig. 245) and eon- 
sists essentially of two eomponents: the somatie efferent nucleus, which sup- 
plies the ocular muscles, and the Edinger-VJestphal nucleus from which the 
preganglionie parasympathetie fibres are derived. 

From these nuclei, fibres pass vertieally through the midbrain tegmen- 
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Fig. 256 Diagram of the 
optie pathvvay. 
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tum to emerge just medial to the eerebral peduncle. Passing forwards 
between the snperior eerebellar and posterior eerebral arteries, the nerve 
pierees the dura mater to run in the lateral wall of the eavemons sinus 
(Fig. 257) as far as the superior orbital fissure. Before entering the fissnre it 
divides into a snperior and inferior braneh; both branehes enter the orbit 
throngh the tendinons ring from which the reeti arise (see Fig. 262). The 
snperior braneh passes lateral to the optie nerve to supply the superior 
rectus muscle and levator palpebrae snperioris; the inferior braneh sup- 
plies three muscles, the medial rectus, the inferior rectus and the inferior 
oblique, the nerve to the last eonveying the parasympathetie fibres to the 
eiliary ganglion. 

The eiliary ganglion 

This small but important ganglion lies near the apex of the orbit just lateral 
to the optie nerve. It reeeives, in addition to the preganglionie parasympa- 
thetie fibres from the Edinger-Westphal nucleus, a sympathetie (postgan- 
glionie) root nltimately from the plexus on the internal earotid artery, and a 
sensory root from the nasoeiliary nerve. Of these fibres, only the parasympa- 
thetie synapse in the ganglion, the others pass direetly throngh it. The post- 
ganglionie efferent fibres from the ganglion pass to the eiliary muscle and 
the mnseles of the iris by way of about ten short eiliary nerves. Stimnlation 
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Fig. 257 The eavernoas 
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results in pnpillary eonstrietion and in aeeommodation of the lens. The 
sympathetie and sensory fibres are, respeetively vasoeonstrietor and pupil- 
lodilatoy and sensory to the globe of the eye. 

(Note that the majority of sympathetie dilator pupillae nerve fibres 
are transmitted to the eye in the long eiliary branehes of the nasoeiliary 
nerve.) 


eiinieal features 


Gomplete division of the 3rd nerve results in a eharaeteristie group of signs: 

• ptosis—due to paralysis of the levator palpebrae superioris; 

• a divergent squint—due to the unopposed aetion of the snperior oblique 
and lateral reehis mnseles, rotating the eyeball laterally; 

• dilatation ofthe pupil—the dilator aetion of the sympathetie fibres being 
nnopposed; 

• loss ofthe aeeommodation-eonvergenee and light reflexes~áue to eonstrie- 
tor pupillae paralysis; 

• donble vision. 


The troehlear nerve (IV) 

The troehlear nerve is the most slender of the eranial nerves and supplies 
only one eye muscle, the snperior oblique. Its nucleus of origin lies in a 
similar position to that of the 3rd nerve at the level of the inferior colliculus, 
but from here its fibres pass dorsally around the eerebral aqueduct and 
decussate in the snperior medullary vellum (Fig. 258). 

Emerging on the dorsum of the pons (being the only eranial nerve 
to arise from the dorsal aspeet of the brainstem), the nerve winds round 
the eerebral peduncle and then passes forwards between the snperior 
eerebellar and posterior eerebral arteries to pieree the dura. It then runs 
forwards in the lateral wall of the eavernons sinus (Fig. 257) between 
the oculomotor and ophthalmie nerves to enter the orbit through the supe- 
rior orbital fissure, lateral to the tendinous ring from which the reeti take 
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origin. It then passes medially over the optie nerve to enter the snperior 
oblique muscle. 


eiinieal features 


A lesion of the troehlear nerve resnlts in paralysis of the snperior oblique 
muscle with the result that diplopia occurs when the patient attempts to 
look downwards and laterally. This ean be remembered as The tramp's 
nerve"—it makes the eye go "down and out"! 

The trìgemìnal nerve (V) (Figs. 259 , 260 ) 

As the name suggests, this nerve eonsists of three divisions. Together they 
supply sensory fibres to the greater part of the skin of the head and faee, the 
mucous membranes of the mouth, nose and paranasal air sinnses and, by 
way of a small motor rooh the muscles of mastieation. In addition it is asso- 
eiated with four autonomic ganglia, the eiliary pterygopalatine, otie and 
submandibular. 


The trigeminal ganglion 

This ganglion, which is also termed the semiliinar ganglion, is equivalent to 
the dorsal sensory ganglion of a spinal nerve. It is ereseent-shaped and is 
situated within an invaginated poeket of dura in the middle eranial fossa. It 
lies near the apex of the petrons temporal bone, which is somewhat 
hollowed for it. The motor root of the trigeminal nerve and the greater 
snperfieial petrosal nerve both pass deep to the ganglion. Above lies 
the hippoeampal gyrus of the temporal lobe of the cerebrum; medially 
lies the internal earotid artery and the posterior part of the eavernons sinus. 
The trigeminal ganglion represents the Ist eell station for all sensory fibres 
of the trigeminal nerve except those subserving proprioeeption. 
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Fig. 259 Plan of the 
trigeminal nerve and its 
nnelei in dorsal view. 


Vi: The ophthalmie division (seeFig.260) 

This is the smallest division of the trigeminal nerve; it is wholly sensory and 
is responsible for the innervation of the skin of the forehead, the upper 
eyelid, eornea and most of the nose. Passing forwards from the trigeminal 
ganglion, it immediately enters the lateral wall of the eavernons sinus 
where it lies beneath the troehlear nerve (Fig. 257). Just before entering the 
orbit it divides into three branehes, frontal^ laerimal and nasoeiliary. 

Thefrontal nerve runs forward just beneath the roof of the orbit for a 
short distanee before dividing into its two terminal branehes, the snpra- 
troehlear and supra-orbital nerves, which supply the upper eyelid and the 
sealp as far baek as the lambdoid suture. 

The laerimal nerve supplies the laerimal gland (with postganglionie 
parasympathetie fibres from the pterygopalatine ganglion which reaeh it 
by way of the maxillary nerve) and the lateral part of the eonjnnetiva and 
upper lid. 

The nasoeiliary nerve gives branehes to the eiliary ganglion, the eyeball, 
eornea and eonjnnetiva the medial half of the upper eyelid, the dura of the 
anterior eranial fossa, and to the mucosa and skin of the nose. 


V^: The maxillary nerve (seeFig. 260 ) 

The maxillary nerve is again purely sensory. Passing forwards from the 
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Fig. 260 Distribution of the trigeminal nerve 


eentral part of the trigeminal ganglion, elose to the eavemons sinus, it 
leaves the skull by way of the foramen rotnndiim and emerges into the upper 
part of the pterygopalatine fossa. Here it gives off a number of branehes 
before eontinning throngh the inferior orbital fissnre and the infra-orbital 
eanal as the infra-orhital nerve which snpplies the skin of the eheek and 
lower eyelid. 

The maxillary nerve has the following named branehes: 

1 the zygomatie nerve, whose zygomatieotemporal and zygomatieofaeial 
branehes supply the skin of the temple and eheek respeetively; 

2 snperior alveolar {dental) branehes to the teeth of the upper jaw; and 

3 the hranehes from the pterygopalatine ganglion, which nm a deseending 
course and are distribnted as follows: the greater and lesser palatine nerves, 
which pass throngh the eorresponding palatine foramina to supply the 
mucous membrane of the hard and soft palates, the uvula and the tonsils, 
and the mucous membrane of the nose and a pharyngeal hraneh snpplying 
the mucosa of the nasopharynx. The nasopalatine nerve (long sphenopala- 
tine) snpplies the nasal septum then emerges throngh the ineisive eanal of 
the hard palate to supply the gum behind the ineisor teeth. The posterior 
snperior lateral nasal nerves (short sphenopalatine) supply the posterosupe- 
rior lateral wall of the nose. 


The pterygopalatine ganglion 

Assoeiated with the maxillary division of V as it lies in the pterygopalatine 
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fossa is the relatively large pterygopalatine ganglion. This reeeives its 
parasympathetie or seeretomotor root from the greater snperfieial petrosal 
braneh of Yll, its sensory eomponent from two pterygopalatine branehes of 
the maxillary nerve and its sympathetie root from the internal earotid plexus. 
Its parasympathetie efferents pass to the laerimal gland throngh a commu- 
nieating braneh to the laerimal nerve. Sensory and sympathetie (vasoeon- 
strietor) fibres are distribnted to nose, nasopharynx, palate and orbit. 


V3: The mandibular nerve (seeFig. 260 ) 

This is the largest of the three divisions of the trigeminal nerve and the only 
one to eonvey motor fibres. In addition to snpplying the skin of the tempo- 
ral region, part of the anriele and the lower faee, the mucous membrane of 
the anterior two-thirds of the tongue and the floor of the mouth, it also 
eonveys the motor root to the mnseles of mastieation and seeretomotor 
fibres to the salivary glands. 

Passing forwards from the trigeminal ganglion, it almost immediately 
enters the foramen ovale throngh which it reaehes the infratemporal fossa. 
Here it divides into a small anterior and a larger posterior trimk, but before 
doing so it gives off the nervns spinosns to supply the dura mater and the 
nerve to the medial pterygoid mnsele from which the otie ganglion is snspended 
and through which motor fibres are transmitted to tensor palati and tensor 
tympani. 

The anterior trunk gives off: 

1 a sensory braneh, the biieeal nerve, which snpplies part of the skin of the 
eheek and the mucous membrane on its inner aspeet; and 

2 motor branehes to the masseter, temporalis and lateral pterygoid 
mnseles. 

The posterior trunk, which is prineipally sensory divides into three 
branehes: 

1 the anrieidotemporal nerve, which eonveys sensory fibres to the skin of 
the temple and anriele and seeretomotor fibres from the otie ganglion to the 
parotid gland; 

2 the lingnal nerve, which passes downwards under eover of the ramus of 
the mandible to the side of the tongue (Fig. 197), where it supplies the 
mucous membrane of the floor of the mouth, the anterior two-thirds of 
the tongue (including the taste buds by way of fibres which join it from the 
ehorda tympani), and the sublingual and submandibular salivary glands; 

3 the inferior alveolar {dental) nerve, which passes down into the mandibn- 
lar eanal and snpplies branehes to the teeth of the lower jaw. It then emerges 
from the mental foramen to supply the skin of the ehin and Iower lip. This 
braneh also eonveys the only motor eomponent of the posterior trunk: the 
nerve to the mylohyoid, snpplying the muscle of that name and the anterior 
belly of the digastrie. 

The otie ganglion 

The otie ganglion is unique among the four ganglia assoeiated with the 
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trigeminal nerve in having a motor as well as parasympathetie, sympa- 
thetie and sensory eomponents. It lies immediately below the foramen 
ovale as a elose medial relationship to the mandibnlar nerve. 

Its parasympathetie fibres reaeh the ganglion by the lesser snperfieial pet- 
rosal braneh of the glossopharyngeal nerve; these relay in the ganglion and 
pass via the auricuIotemporal nerve to the parotid gland, and are its seere- 
tomotor supply. The sympathetie fibres are derived from the superior eervi- 
eal ganglion along the plexus which surrounds the middle meningeal 
artery while the sensory fibres arrive from the auriculotemporal nerve; they 
are, respeetively vasoeonstrietor and sensory to the parotid gland. 

Motor fibres pass throngh the ganglion from the nerve to the medial 
pterygoid (a braneh of the mandibular nerve) and supply the tensor 
tympani and tensor palati muscles. 

The submandibular ganglion 

This is suspended from the lower aspeet of the lingnal nerve. Its parasympa- 
thetie supply is derived from the ehorda tympani braneh of the faeial nerve 
(see Fig. 263) by which it is eonveyed to the lingnal nerve; it earries 
the seeretomotor supply to the submandibular and sublingual salivary 
glands. 

Sympathetie fibres are transmitted from the snperior eervieal ganglion 
via the plexus on the faeial artery and supply vasoeonstrietor fibres to these 
same two salivary glands. The sensory eomponent is eontribnted by the 
lingnal nerve itself, which provides sensory fibres to these salivary glands 
and also to the mucous membrane of the floor of the mouth. 


The eentral eonneetions of the trigeminal nerve 

The eentral proeesses of the trigeminal ganglion eells enter the lateral 
aspeet of the pons and divide into aseending and deseending branehes 
which terminate in one or other eomponent of the sensory nucleus of V 
(Figs 243, 260). This nucleus eonsists of three parts, eaeh of which appears 
to snbserve different sensory modalities: a ehief sensory nucleus in the 
pontine tegmentum eoneerned with touch; a deseending, or spinal, nucleus 
subserving pain and temperahire; and a meseneephalie nucleus reeeiving 
proprioeeptive afferents. The motor root of the trigeminal nerve lies just 
medial to the sensory nucleus in the npper part of the pons; its efferents 
pass out with the sensory fibres and are distribnted by way of the mandibn- 
lar division of the nerve. 


eiinieal features 


1 Seetion of the whole trigeminal nerve resnlts in unilateral anaesthesia of 
the faee and anterior part of the sealp, the auricle and the mucous mem- 
branes of the nose, mouth and anterior two-thirds of the tongue, together 
with paralysis and wasting of the mnseles of mastieation on the affeeted 
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Fig. 261 Areas of the faee 
and sealp snpplied by the 
three divisions of the 
trigeminal nerve. 


side. Lesions of separate divisions give rise to eorresponding sensory and 
motor defieits in the area of distribntion of the affeeted nerve. 

2 Trigeminal nenralgia may affeet any one or more of the three divisions, 
giving rise to the eharaeteristie pain over the appropriate area (Fig. 261). 

3 Pain is frequently referred from one segment to another. Thus, a patient 
with a eareinoma of the tongue (lingual nerve) frequently eomplains bit- 
terly of earaehe (auriculotemporal nerve). The elassieal deseription of such 
a ease is an old gentleman sitting in out-patients spitting blood and with a 
pieee of eotton wool in his ear. 

The abducent nerve (VI) 

Like the troehlear nerve, the abdneent nerve supplies only one eye muscle, 
the lateral reetiis. Its nucleus lies in the caudal part of the pons (Fig. 243) and 
from there its fibres pass through the pontine tegmentum to emerge on the 
base of the brain at the jnnetion of the pons and medulla. The nerve then 
passes forwards to enter the eavernons sinus (Fig. 257). Here it lies lateral to 
the internal earotid artery and medial to the 3rd, 4th and 5th nerves. Passing 
throngh the tendinous ring just below the 3rd nerve, it enters the orbit to 
pieree the deep surface of the lateral rectus (Fig. 262). 


eiinieal features 


On account of its long intraeranial course, the 6th nerve is frequently 
involved in injuries to the base of the skull. When damaged, it gives rise to 
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Fig. 262 The superior orbital fissnre and tendinous ring of origin of the extrinsic 
orbital mnseles, showing the relations of the eranial nerves as they enter the orbit. 


diplopia and a eonvergent squint. The patient is nnable to deviate the 
affeeted eye laterally. 


The faeial nerve (VII) 

In addition to snpplying the mnseles of faeial expression, the faeial nerve 
eonveys seeretomotor fibres to the sublingual and submandibular salivary 
glands and the laerimal gland as well as the nasal mucosa; it also earries 
taste fibres from the anterior two-thirds of the tongue. 

The fibres innervating the faeial mnseles have their nucleus of origin in 
the ventral part of the caudal pons; the seeretomotor fibres for the salivary 
glands are derived from the snperior salivary nucleus. The sensory fibres 
assoeiated with the nerve have their eells of origin in the faeial (genienlate) 
ganglion. 

From the motor nucleus, fibres of the faeial nerve run a devious course 
over the nucleus of the abducent nerve (Fig. 243), where they form an eleva- 
tion on the floor of the 4th ventriele known as the faeial eollienhis, then 
downwards and forwards to emerge from the lateral aspeet of the pons 
together with VIII in the eerebellopontine angle. 

The sensory and motor fibres pass together into the internal auditory 
meatus, at the bottom of which they leave the 8th nerve and enter the faeial 
eanal. Here they run laterally over the vestibnle before bending sharply 
backwards over the promontory of the middle ear. This bend, or genu ofthe 
faeial nerve, as it is ealled, marks the site of the faeial ganglion and the point 
at which the seeretomotor fibres for the laerimal gland leave to form the 
greater superficial petrosal nerve. The faeial nerve then passes downwards, 
medial to the middle ear, to reaeh the stylomastoid foramen (Fig. 263). 

Just before entering this foramen it gives off the braneh, known as the 
ehorda tympani, which runs baek through the middle ear between the incus 
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Fig. 263 Distribution of the faeial nerve within the temporal bone. 



Fig. 264 Distribution of 
the faeial nerve: T, 
temporal; Z, zygomatie; 
B, buccal; M, mandibular; 
e, eervieal; and P, 
posterior auricular 
braneh. 


and malleus, exits via the fissure betvveen the tympanie and petrons parts 
of the temporal bone to enter the infratemporal fossa where it joins the 
lingnal nerve. Henee its taste fibres reaeh the anterior two-thirds of the 
tongue and its seeretomotor fibres are eonveyed to the submandibular gan- 
glion, thenee to the submandibular and sublingual salivary glands. 

On emerging from the stylomastoid foramen, the nerve snpplies the 
stylohyoid and the posterior belly of digastrie muscle. It then enters 
the parotid gland where it divides into five divisions for the supply of 
the faeial musdes: the temporal, zygomatie, buccal, mandibular, and eervi- 
ealbranehes (see Figs 208,209,264). 


eiinieal features 


1 It is important to distingnish between 'nnelear' and Tnfrannelear' faeial 
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palsies on the one hand and 'supranuclear' palsies on the other. Both 
nnelear and infrannelear palsies result in a faeial paralysis which is eom- 
plete and which affeets all the mnseles on one side of the faee. In supranu- 
elear palsies there is no involvement of the mnseles above the palpebral 
fissnre sinee the portion of the faeial nucleus supplying these mnseles 
reeeives fibres from both eerebral hemispheres. Furthermore, in such eases 
the patient may involnntarily use the faeial muscles but will be unable to do 
so on request. 

2 Supranuclear faeial palsies most frequently result from vascular 
involvement of the eortieobnlbar pathways, e.g. in eerebral haemorrhage. 
Nnelear palsies may occur in poliomyelitis or other forms of bulbar paraly- 
sis, while infranuclear palsies may result from a variety of causes including 
eompression in the eerebellopontine angle (as by an aeonstie nenroma), 
fraetnres of the temporal bone and invasion by a malignant parotid tumour. 
However, by far the eommonest cause of infranuclear faeial paralysis is 
Bell's palsy, which is of unknown aetiology. 

When the intraeranial part of the nerve is affeeted or when it is involved 
in fraehires of the base of the skull there is usually loss of taste over the ante- 
rior two-thirds of the tongue and an assoeiated loss of hearing (8th nerve 
damage). 

The auditory (vestibulocochlear) nerve (VIII) 

(Fig. 265) 

The 8th nerve eonsists of two sets of fibres: eoehlear and vestibnlar. The 
eoehlear fibres (eoneerned with hearing) represent the eentral proeesses of 
the bipolar spiral ganglion eells of the eoehlea which traverse the internal 
anditory meatns to reaeh the lateral aspeet of the mednlla, at the eerebello- 
pontine angle (together with VII), where they terminate in the dorsal and 
ventral eoehlear mielei. The majority of the projeetion fibres from these 
nuclei eross to the opposite side, those from the dorsal nucleus forming the 
anditory striae in the floor of the 4th ventriele, those from the ventral 
nucleus forming the trapezoid body in the ventral part of the pons. Most 
of these efferent fibres terminate in nuclei assoeiated with the trapezoid 
body either on the same or the opposite side, and then aseend in the lateral 
lemnisens to the inferior eollieidiis and the medial genienlate hody; from 
the former, fibres reaeh the motor nuclei of the eranial nerves and form the 
pathway of anditory reflexes; from the latter, fibres sweep laterally in 
the aiiditory radiation to the anditory cortex in the snperior temporal gyrus 
(Fig. 247). 

The vestihnlarfibres (eoneerned with equilibrium) enter the mednlla just 
medial to the eoehlear division and terminate in the vestihnlar nnelei. Many 
of the efferent fibres from these nuclei pass to the cerebellum in the inferior 
eerebellar pednnele together with fibres bypassing the vestibular nuclei 
and passing direetly to the eerebellnm. 

Other vestibnlar eonneetions are to the nuclei of III, IV, VI and XI and to 
the upper eervieal eord (via the vestibulospinaI traet). These eonneetions 
bring the eye and neek mnseles under reflex vestibnlar eontrol. 
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Fig. 265 The eentral eonneetions of the anditory pathway of VIII 
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eiinieal features 


1 Lesions of the eoehlear division resnlt in deafness which may, or may 
not, be aeeompanied by tinnitns. 

The differential diagnosis between middle ear deafness and eoehlear 
(inner ear) or anditory nerve lesions ean be made elinieally by the use of a 
tnning fork. Air eondnetion (the fork being held beside the ear) is normally 
louder than bone conduction (the fork being held against the mastoid 
proeess). If the middle ear is damaged, the reverse will hold true. 

2 Apart from injury to the eoehlear nerve itself, unilateral lesions of the 
auditory pathway do not greatly affeet auditory acuity because of the bilat- 
erality of the auditory projeetions. 

3 Temporal lobe tumours may give rise to auditory hallucinations if they 
eneroaeh upon the anditory (superior temporal) gyrus. 
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4 Lesions of the vestibnlar division of the labyrinth or of the vestibnlo- 
eerebellar pathway resnlt in vertigo — a snbjeetive feeling of rotation — 
nansea^ ataxia and nystagmns. 

The glossopharyngeal nerve (IX) (Fig. 210 ) 

The glossopharyngeal nerve eontains sensory fibres for the pharynx and the 
posterior one-third of the tongne (inelnding the taste buds), motor fibres for 
the stylopharyngens mnsele and seeretomotor fibres for the parotid gland. It 
is attaehed to the upper part of the medulla by four or five rootlets along the 
groove between the olive and the inferior eerebellar pednnele and leaves the 
skull by way of the j ugular f or amen in which it gives off its tympanie br aneh. 

Below the jugular foramen the nerve eonrses downwards and forwards 
between the internal earotid artery and the internal jugular vein to reaeh the 
styloid proeess. From here it passes along the stylopharyngens muscle to 
enter the pharnyx between the snperior and middle eonstrietors. Here it 
breaks up into its terminal branehes which supply the posterior one-third of 
the tongue and the mucous membrane of the pharynx (including the tonsil). 

The tympanie hraneh, which is eontinned as the lesser siiperfieial petrosal 
nerve, eonveys the preganglionie parasympathetie fibres to the otie gan- 
glion (parotid seeretomotor fibres). 

The only other braneh of signifieanee is the earotid nerve which arises 
just below the skull and runs down on the internal earotid artery to supply 
both the earotid body and earotid sinus. This small twig serves as the affer- 
ent limb of the baroreeeptor and ehemoreeeptor reflexes from the earotid 
sinus and body respeetively. 


eiinieal features 


Gomplete seetion of the glossopharyngeal nerve resnlts in sensory loss in 
the pharynx, loss of taste and eommon sensation over the posterior one- 
third of the tongue, some pharyngeal weakness and loss of salivation from 
the parotid gland. However, such lesions are frequently difficult to deteet 
and rarely occur as isolated phenomena sinee there is so often assoeiated 
involvement of the vagus or its nuclei. 

The vagus nerve (X) 

The vagus has the most extensive distribntion of all the eranial nerves, inner- 
vating the heart and the major part of the respiratory and alimentary traets. 

eentral eonneetions 

The dorsal mielens of the vagus in the mednlla (Fig. 242) is a mixed viseeral 
afferent and efferent nucleus. It reeeives sensory fibres from the heart, the 
lower respiratory traet and the alimentary traet down to the transverse 
eolon; in addition it gives rise to preganglionie parasympathetie motor 
fibres to the heart and the smooth muscles of the bronehi and gut. 
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From the mielens ambigims (Fig. 242) efferent fibres pass to the striped 
mnseles of the pharynx and larynx. 


Distribution 

The nerve is eonneeted to the side of the mednlla by abont ten filaments 
which lie in series with the glossopharyngeal nerve along the groove 
between the olive and the inferior eerebellar pednnele. These filaments 
nnite to form a single bnndle which passes beneath the eerebellnm to the 
jugular foramen. Two sensory ganglia are assoeiated with this part of the 
nerve: a snperior, within the jugular foramen, and an inferior, immediately 
beneath the skulL 

The vagus then passes vertieally downwards to the root of the neek, 
lying in the posterior part of the earotid sheath between the internal jugular 
vein and the intemal and then eommon earotid arteries (Fig. 213). There are 
a number of important branehes in the neek: pharyngeal to the pharyngeal 
and palatal musculature by way of the pharyngeal plexus; snperior laryn- 
geal, supplying the interior of the larynx above the voeal folds and the 
erieothyroid and inferior eonstrietor mnseles; and the snperior and inferior 
eardiae hranehes which are inhibitory to the heart. 

Below the level of the snbelavian arteries the course and relations of the 
nerve on the two sides differ. 

On the right side the reenrrent laryngeal braneh is given off as it erosses 
the snbelavian artery; beyond this the nerve deseends throngh the supe- 
rior mediastinum in elose assoeiation with the great veins. Behind the 
root of the lung it takes part in the formation of the pnlmonary plexus and then 
passes on to the oesophagns to form, with its f ellow, the oesophageal plexus . 

The left vagus enters the thorax in elose assoeiation with the great arter- 
ies, lying at first lateral to the eommon earotid and then erossing the areh of 
the aorta (Fig. 38). The left reeiirrent laryngeal braneh, which is given off as the 
vagus erosses the aortie areh, passes below the ligamentum arteriosum, 
behind the areh and then aseends in the groove between the traehea and the 
oesophagns (Fig. 34a). The vagus then passes behind the root of the lung, 
enters into the formation of the pnlmonary plexus and passes on to the 
oesophagns to form a plexus from which emerge two trunks, eaeh eompris- 
ing fibres from both the left and right vagus. 

The two vagi then enter the abdomen throngh the oesophageal opening 
in the diaphragm, the anterior vagus passing on to the anterior snrfaee and 
the posterior passing to the posterior aspeet of the stomaeh (Fig. 55). 
Beyond this it is diffienlt to traee the course of the nerves, but branehes are 
given to the eoeliae, hepatie and renal plexuses aná, by way of these plexuses, 
are distributed to the fore- and midgut and to the kidneys. 


eiinieal features 


1 Isolated lesions of the vagus nerve are nneommon but it may be 
involved in injnries or disease of related structures. 
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2 A simple test for the integrity of the vagns relies on its innervation of the 
mnseles of the palate. In nnilateral paralysis, the uvula deviates to the 
normal side when the patient says 'Ah'. 

3 Vagotomy—see page 74. 

4 Injnries to the reenrrent laryngeal nerve—see page 288. 

The aeeessory nerve (XI) (Fig. 210 ) 

The aeeessory nerve is eonventionally deseribed as having a eranial and a 
spinal root. Aeeording to standard deseriptions, the eranial root is formed 
by a series of rootlets that emerge from the mednlla between the olive and 
the inferior eerebellar pednnele. These rootlets are eonsidered to join the 
spinal root, travel with it briefly, then separate within the jugular foramen 
and are distribnted with the vagus nerve to supply the musculature of the 
palate, pharynx and larynx. 

A reeent, detailed disseetion study has demonstrated that all the 
mednllary rootlets that do not join to form the glossopharyngeal nerve (IX) 
join the vagus nerve at the jugular foramen. All the rootlets that form the 
aeeessory nerve arise caudal to the olive and no eonneetions ean be demon- 
strated between the aeeessory nerve and the vagus in the jugular foramen. 
The aeeessory nerve thus has no eranial eomponent and eonsist only of the 
structure hitherto referred to as the spinal root of the aeeessory nerve. 

This spinal root is formed by the union of fibres from an elongated 
nucleus in the anterior horn of the upper five eervieal segments, which 
leave the eord mid-way between the anterior and posterior roots, join, then 
pass upwards through the foramen magnum. The aeeessory nerve and the 
eonverging rootlets of the vagus nerve then enter the jugular foramen in a 
shared sheath of dura. The glossopharyngeal nerve enters the jugular 
foramen anterior to the vagus through a separate dural sheath. 

The nerve passes backwards over the intemaljugular vein to the stemoelei- 
domastoid muscle which it pierees (and snpplies) and then erosses the poste- 
rior triangle of the neek to enter and supply the deep siirfaee of the trapezius. 


eiinieal features 


Division of the aeeessory nerve resnlts in paresis of the sternoeleidom- 
astoid and trapezins mnseles. This follows, for example, most bloek dissee- 
tions of the lymph nodes of the neek, the nerve being saerifieed in elearing 
the posterior triangle. 

The hypoglossal nerve (XII) 

The hypoglossal nerve is entirely motor and snpplies all the intrinsie and 
extrinsic mnseles of the tongue (with the exception of the palatoglossns). 
From its nucleus, which lies in the floor of the 4th ventriele (Fig. 242), a 
series of about a dozen rootlets leave the side of the mednlla in the groove 
between the pyramid and the olive. These rootlets unite to leave the skull 
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by way of the anterior eondylar, or hypoglossal, eanal. Lying at first deep to 
the internal earotid artery and the jugular vein, the nerve passes down- 
wards between these two vessels to just above the level of the angle of the 
mandible. Here it passes forwards over the intemal and external earotid 
arteries, and gives off its deseending and thyrohyoid branehes. It then 
erosses the hyoglossns and genioglossns mnseles to enter the tongue (Fig. 
266). Its deseending braneh {deseendens hypoglossi) aetnally derives from a 
twig of the Ist eervieal nerve and therefore transmits C1 fibres. It passes 
more or less vertieally downwards upon the internal earotid artery to join 
the deseending eervieal nerve (C2 and 3) to form a loop known as the ansa 
eerviealis (or ansa hypoglossi) just above the omohyoid muscle. From this 
loop branehes are given to three infrahyoid musdes — sternothyroid, ster- 
nohyoid and omohyoid. 


eiinieal features 


1 Division of the hypoglossal nerve, or lesions involving its nudeus, 
result in an ipsilateral paralysis and wastmg of the musdes of the tongue. 
This is deteeted dinieally by deviation of the protrnded tongue to the 
affeeted side. 

2 Supranudear paralysis (due to an upper motor neurone lesion involv- 
ing the eortieobnlbar pathways) leads to paresis but not atrophy of the 
musdes of the eontralateral side. 
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The nose (see also 'The aeeessory nasal sinnses^ page 318) 

The external nose eonsists of a bony and eartilaginons framework elosely 
overlaid by skin and fibrofatty tissnes. The bones are the two nasal bones 
and the frontal proeesses of the maxilla. The ala is eomposed solely of fatty 
tissne at its lower free edge. 

The nasal eavity is divided into right and left halves by a median nasal 
septnm formed by the perpendieiilar plate of the ethmoid hone, the septal earti- 
lage and the vomer (Fig. 267). Eaeh eavity extends from the nostril (or ante- 
rior nares) in front to the posterior nasal apertnre behind, eommnnieating 
throngh the latter with the nasopharynx. The lateral zvall is very irregnlar, 
due to the projeetion of the three eonehae (superior, middle and inferior) and 
the nnderlying meahises (Figs 225,226). 

The snperior meatus reeeives the opening of the posterior ethmoidal air 
eells. Opening into the middle meatus are (from before backwards) the 
frontal and maxillary sinnses and the anterior and middle ethmoidal air 
eells. Only the nasolaerimal duct opens, in solitary splendonr, into the infe- 
rior meatus. The roof of the eavity is horizontal in its eentral portion, where 
it is formed by the eribriform plate of the ethmoid, but slopes downwards 
both anteriorly (the frontal and nasalbones) and posteriorly (the sphenoid). 
The floor eorresponds to the roof of the mouth; it eomprises the palatine 
proeess of the maxilla, the horizontal proeess of the palatine bone and the 
softpalate. 

Mucous membrane 

The olfaetory portion, which is eonfined to the snperior eoneha and the 
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Fig. 267 The septum of the nose. 
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adjaeent npper part of the septnm, is thin and dull yellow in eolonr; it eon- 
tains the olfaetory reeeptors and snpporting eells. The remaining respiratory 
portion is thiek, vascular and moist with seeretions of mucous glands; its 
epithelium is eiliated. 

The upper part of the nasal eavity reeeives its arterial supply from the 
ethmoidal branehes of the ophthalmie artery a braneh of the internal 
earotid. The sphenopalatine braneh of the maxillary artery a terminal of 
the external earotid, supplies the lower part of the eavity Just within the 
vestibnle of the nose, on the anteroinferior part of the septnm, it links with a 
septal braneh of the faeial artery and it is from this zone, Little's area, that 
90% of nose-bleeds occur. The veins drain downwards into the faeial vein 
and upwards to the ethmoidal tributaries of the ophthalmie veins. 


eiinieal features 


1 The skin of the external nose and its surrounds eontains many seba- 
ceous glands and hair follieles which may beeome bloeked and infeeted. 
The signifieanee of this faet is that the faeial veins, which may beeome 
seeondarily infeeted, eommnnieate direetly with the ophthalmie veins and 
henee with the cavernous sinus. For this reason, this zone is often known as 
the 'danger area of the faee'. 

2 The extensive relations of the nasal eavity are important in the spread of 
infeetion. Observe that it is in direet eontinnity with (i) the anterior eranial 
fossa (via the eribriform plate of the ethmoid bone); (ii) the nasopharynx 
and, throngh the pharyngotympanie tube, the middle ear; (iii) the 
paranasal air sinuses; (iv) the laerimal apparatus and eonjnnetiva. 

3 The septum is frequently deviated to one or other side, interfering both 
with inspiration and with drainage of the nose and aeeessory sinnses. 


The ear 

The external ear(Fig.268) 

This eomprises the anriele and external anditory meatus. The aiiriele, for the 
most part, eonsists of a cartilaginous framework to which the skin is elosely 
applied. The intrinsie and extrinsic mnseles deseribed for the ear are of no 
signifieanee in man. 

The external anditory meatns extends inwards to the tympanie mem- 
brane. It is about 1.5 in (37mm) long, and has a peenliar S-shaped course, 
being direeted first medially upwards and forwards, then medially and 
backwards and, finally medially forwards and downwards. The outer 
third of the eanal is eartilaginons and somewhat wider than the medial 
osseons portion. The whole eanal is lined by skin, which is elosely adherent 
to the osseons portion but is separated from the cartilaginous part by the 
ceruminous glands in the subcutaneous tissue. 

The tympanie membrane, or ear drum (Fig. 268; see Fig. 270), separates the 
middle ear from the external anditory meatus. It is made up of an outer 
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Fig. 268 General view of the ear. 


cutaneous layer, continuous with the skin of the external anditory meatus, a 
middle fibrous layer and an inner mucous layer continuous with the 
mucoperiosteum of the rest of the tympanie eavity. It is oval in ontline, a 
little less than 0.5in (12mm) in its greatest (vertieal) diameter, and faees lat- 
erally, downwards and forwards; it is slightly eoneave outwards. Sinee it is 
translucent (except at its margin where it is attaehed to the medial aspeet of 
the extemal anditory meatus), it is possible on examination to see the 
nnderlying malleus and part of the incus. The greater part of the membrane 
is taut and is known as the pars tensa, but above the lateral proeess of the 
malleus there is a small triangular area where the membrane is thin and lax 
— the pars flaeeida. This area is boimded by two distinet malleolar folds 
which reaeh down to the lateral proeess of the malleus. The point of greatest 
eoneavity of the membrane is known as the nmbo; this marks the attaeh- 
ment of the handle of the mallens to the membrane. 


The middle ear 

The middle ear, or ìympanie eavity, is the narrow slit-like eavity in the petrons 
part of the temporal bone eontaining the three anditory ossieles (Fig. 268). 
The walls of the eavity and its important relations are as follows. 

The lateral zvall is formed mainly by the tympanie membrane, which 
divides it from the external anditory meatus, and above this by the squa- 
mous part of the temporal bone; the part of the eavity above the tympanie 
membrane is known as the epitympanie reeess or attie; this part of the eavity 
eontains the incus and the head of the mallens. 

The medial ivall, which separates the eavity from the internal ear. 
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presents ìhefenestra eoehleae (round window), elosed by the seeondary tym- 
panie membrane; the fenestra vestibiili (oval window), oeenpied by the base 
of the stapes; the promontory, formed by the first turn of the eoehlea; and the 
prominenee causedby the imderlying eanal for the faeial nerve (Fig. 263). 

Thefíoor is a thin plate of bone separating the eavity from the bulb of the 
jugular vein. 

The roof is formed by the thin sheet of bone known as the tegmen 
tympani, which separates it from the middle eranial fossa and the temporal 
lobe of the brain. 

Anteriorly, the eavity eommnnieates with the pharynx by way of the 
pharyngotympanie or Enstaehian tube. 

Posteriorly, it communicates with the mastoid or tympanie antrnm and 
the mastoid air eells. 

The mastoid antrnm is a small eavity in the posterior part of the petrous 
temporal bone eonneeted to the epitympanie reeess of the middle ear by 
way of the narrow aditns. Its importanee is twofold: it is in eommnnieation 
with the mastoid air eells (henee the portal throngh which infeetion may 
spread to these spaees from the middle ear) and it is intimately related pos- 
teriorly to the sigmoid sinus and the eerebellnm, both of which may be 
involved from a middle ear infeetion. 

The mastoid air eells arise postnatally as divertienla from the tympanie 
antrnm, beeoming obvions first at two years. They may invade not only the 
mastoid proeess but also the squamous part of the temporal bone. They are 
lined by a mucoperiosteum continuous anteriorly with that of the tympanie 
eavity. 

The pharyngotympanie {Enstaehian) tuhe reaehes downwards, forwards 
and medially from the anterior part of the tympanie eavity to the lateral 
walls of the nasopharynx. In all it is about 1.5 in (37mm) long, the first 0.5 in 
(12 mm) being bony while the rest is cartilaginous. It is lined by a eiliated 
eolnmnar epithelinm. The mucous membrane is thin in its bony part but 
the cartilaginous segment eontains numerous mucous glands and, near its 
pharyngeal orifiee, a eonsiderable eolleetion of lymphoid tissue termed the 
tuhal tonsil. This may beeome swollen in infeetion, prodneing bloekage of 
the tube. The tube is widest at its pharyngeal end and narrowest at the junc- 
tion of the bony and eartilaginons portions. 

Conduction of sound throngh the middle ear is by way of the mallens, 
tncus and stapes. The mallens is the largest of the three and is deseribed as 
having a handle, attaehed to the tympanie membrane, a ronnded head, 
which artienlates with the incus, and a lateral proeess, which ean be seen 
throngh the tympanie membrane and from which the malleolar folds 
radiate. The incus eomprises a body which artienlates with the mallens, and 
two proeesses, a short proeess attaehed to the posterior wall of the middle 
ear and a long proeess for artienlation with the stapes. The shadow of the 
long proeess ean often be seen throngh an anroseope rnnning downwards 
behind the handle of the malleus. The stapes has a head for articulation with 
the incus^ a neek and a base, which is firmly fixed in the fenestra vestibnli 
(the oval window). 

Two small mnseles are assoeiated with these ossieles: the stapedius, 
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Fig. 269 Detail of the 
membranous labyrinth. 
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Fig. 270 The tympanie 
membrane as seen 
throngh an auroscope. 


Pars flaeeida 


Anterior 



Long proeess of incus 


Handle of malleos 


Posterior 


which is attaehed to the neek of the stapes and is snpplied by the faeial 
nerve, and the tensor tympani, which is inserted into the handle of the 
mallens and is snpplied by the mandibnlar division of V. Both serve to 
damp high-frequency vibrations. 

The internal ear(Fig.269) 

The intemal ear eonsists essentially of a eomplieated bony labyrinth made 
up of a eentral vestibiile, which eommnnieates posteriorly with three semi- 
eirenlar ducts and anteriorly with the spiral eoehlea. This eavity eontains a 
£luid known as perilymph and eneloses the membranoiis labyrinth, eompris- 
ing the iitriele and saeenle, which communicate respeetively with the 
semicircular eanals and the eoehlear eanal. The duct system is filled with 
enàolymph. 

In eaeh eomponent of the membranons labyrinth there are speeialized 
sensory reeeptor areas known as the maenlae of the ntriele and saccule, the 
ampnllary erests of the semicircular eanals and the spiral organ ofGorti in the 
eoehlea. 

The disposition of the semieirenlar eanals in three planes at right angles 
to eaeh other renders this part of the labyrinth partienlarly well suited to 
signal ehanges in position of the head. The organ of Corti is adapted to 
reeord the sound vibrations transmitted by the stapes at the oval window. 
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Fig. 271 (a) The eyeball in seetion. (b) Detail of the eiliary region. 


The eye and assoeiated structures (for optie nerve 

and visnal pathway see page 365) 

The eyeball (Fig.27i) 

The eyeball, which is just nnder 25 mm in all diameters, is formed by seg- 
ments of two spheres of different size: a prominent anterior segmenh which 
is transparent and forms about one-sixth of the eyeball, and a larger poste- 
rior segmenh which is opaque and eomprises five-sixths of a sphere. The 
optie nerve enters the eye about 0.125 in (3 mm) to the nasal (medial) side of 
the posterior pole. 

The eyeball is formed by three eoats: a fibrons outer eoah a vascular 
middle eoat and an inner neural eoat—the retina. 

The fibrous eoat 

The fibrons eoat eomprises a transparent anterior part, the eornea, and an 
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opaque posterior portion, the selera. Peripherally, the eornea is continuous 
with the selera at the seleroeorneal jnnetion. The selera is a tough, fibrous mem- 
brane which is responsible for the maintenanee of the shape of the eyeball 
and which reeeives the insertion of the extraocular muscles. Posteriorly it is 
piereed by the optie nerve, with whose dural sheath it is continuous. 

The vascular eoat 

This is made up of the ehoroid, the eiliary body and the iris. 

The ehoroid is a thin but highly vascular membrane lining the inner 
snrfaee of the selera. Posteriorly it is piereed by the optie nerve and anteri- 
orly it is eonneeted to the iris by the eiliary body. 

The eiliary body inelndes the eiliary ring, a fibrons ring continuous with 
the ehoroid, the eiliary proeesses, a group of sixty to eighty folds arranged 
radially between the eiliary ring and the iris and eonneeted posteriorly to 
the snspensory ligament of the lens, and the eiliary mnseles, an outer radial 
and inner eirenlar layer of smooth muscle responsible for the ehanges in 
convexity of the lens in aeeommodation and snpplied by parasympathetie 
fibres transmitted in the oenlomotor nerve (III). 

The iris is the eontraetile dise surrounding the pupil. It eonsists of four 
layers: 

1 an anterior mesothelial lining; 

2 a eonneetive tissue stroma eontaining pigment eells; 

3 a group of radially arranged smooth muscle fibres — the dilator of the 
pupil (supplied by the sympathetie system) and a eirenlar group, the pupil- 
lary sphineter (snpplied by the parasympathetie fibres in the oenlomotor 
nerve); 

4 a posterior layer of pigmented eells which is continuous with the eiliary 
part of the retina. 

The neural eoat 

The retina is formed by an outer pigmented and an inner nervons layer, and 
is interposed between the ehoroid and the hyaloid membrane of the vitre- 
ous. Anteriorly it presents an irregnlar edge, the ora serrata, while posteri- 
orly the nerve fibres on its snrfaee eolleet to form the optie nerve. Its 
appearanee as seen throngh an ophthalmoseope is shown in Fig. 272. Near 
its posterior pole there is a pale yeIIowish area, the maeida Intea, the site of 
eentral vision, and just medial to this is the pale optie dise formed by the 
passage of nerve fibres throngh the retina, eorresponding to the 'blind 
spoT. The eentral artery ofthe retina emerges from the dise and then divides 
into upper and lower branehes; eaeh of these in turn divides into a nasal 
and temporal braneh. Histologieally the retina eonsists of a number of 
layers but from a functional point of view only three need be eonsidered: an 
inner reeeptor eell layer — the layer of rods and eones — an intermediate 
layer of bipolar nenrones, and the layer of ganglion eells, whose axons form 
the snperifieal layer of optie nerve fibres (Fig. 255). 




390 


The eentral nervous system 


Lateral 


Macula with 
eentral fovea 


Artery 



Medial 


dise 


-Vein 


Fig. 272 The right 
fundus oculi as seen 
through an 
ophthalmoseope. 


Gontents of the eyeball 

VVithin the eyeball are fonnd: the lens, the aqueous humour and the vitre- 
ous body. The lens is biconvex and is plaeed between the vitreons and the 
aqueous humour, just behind the iris. The aqueous humour is a filtrate of 
plasma seereted by the vessels of the iris and eiliary body into the posterior 
ehamher of the eye (i.e. the spaee between the lens and the iris). From here it 
passes throngh the pnpillary apertnre into the anterior ehamber (between the 
eomea and the iris) and is re-absorbed into the eiliary veins by way of the 
sinus venosiis selerae (or eanal of Sehlemm). The vitreons body, which oeenpies 
the posterior four-fifths of the eyeball, is a thin transparent gel eontained 
within a delieate membrane —the hyaloid membrane — aná piereed by the 
lymph-filled hyaloid eanal. The anterior part of the hyaloid membrane is 
thiekened, reeeives attaehments from the eiliary proeesses and gives rise to 
the snspensory ligament ofthe lens. This ligament is attaehed to the eapsnle of 
the lens in front of its equator and serves to retain it in position. It is relaxed 
by eontraetion of the radial fibres of the eiliary muscle and so allows the 
lens to assume a more convex form in aeeommodation (elose reading). 

The orbital moseles (Fig. 262) 

These are the levator palpebrae snperioris and the extra-ocular muscles; the 
mediab lateral, superior and inferior reeti and the snperior and inferior 
obliques. The four reeti arise from a tendinous ring around the optie 
foramen and the medial part of the snperior orbital fissnre and are inserted 
into the selera anterior to the equator of the eyeball. The lateral rectus is 
supplied by the 6th nerve, the others by the 3rd. The siiperior oblique arises 
just above the tendinous ring and is inserted by means of a long tendon 
which loops around a fibrons pulley on the medial part of the roof of the 
orbit into the selera just lateral to the insertion of the snperior reehis. It is 
snpplied by the 4th nerve. The inferior oblique passes like a sling from its 
origin on the medial side of the orbit around the undersurface of the eye 
to insert into the selera between the snperior and lateral reeti; it is snpplied 
by III. 
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Fig. 273 The direetion of 
aetion of the mnseles 
aeting on the eyeball 
from the primary 
position (i.e. looking 
direetly forwards). 



Saperior rectus 


^ Medial rectus 


Inferior rectus 


Both the oblique mnseles insert behind the equator of the eye-ball. 

The eyeball is eapable of elevation, depression, addnetion^ abdnetion 
and rotation. The medial and lateral reeti move the eyeball in one axis only. 
The other four muscles move it on all three axes: 

• rectus superior—elevation, adduction and medial rotation. 

• rectus inferior—depression, adduction and lateral rotation. 

• snperior oblique—depression, abduction and medial rotation. 

• inferior oblique—elevation, abdnetion and lateral rotation. 

Pure elevation and depression of the eyeball is prodneed by one rectus 
aeting with its opposite oblique — rectus superior with inferior oblique 
producing pure elevation and rectus inferior with the snperior oblique 
producing pure depression. 

A useful mnemonie is that the superior oblique is 'the tramp's muscle'— 
it moves the eye 'down and ouP! 

The aetions of these muscles are shown in Fig. 273. 

Thefaseial sheath of the eye {Tenon's eapsnle) is the membrane enelosing 
the eyeball from the optie nerve behind to the seleroeorneal jimetion in 
front. It is piereed by the vessels and nerves of the eye and by the tendons of 
the extra-ocular muscles. It is thiekened inferiorly where it forms the sus- 
pensory ligament. 

The eyelids and conjunctiva 

Of the two eyelids, the npper is the larger and more mobile, but apart from 
the presenee of the levator palpebrae superioris in this lid, the structure of 
the eyelids is essentially the same. Eaeh eonsists of the folIowing layers, 
from without inwards: skin, loose eonneetive tissue, fibres of the orbicularis 
oculi muscle, the tarsal plates, of very dense fibrons tissue, tarsal glands 
and eonjnnetiva. The eyelashes arise along the mucocutaneous junction 
and immediately behind the lashes there are the openings of the tarsal {Mei- 
homian) glands. These are large sebaceous glands whose seeretion helps to 
seal the palpebral fissure when the eyelids are elosed and forms a thin layer 
over the exposed surface of the open eye; if bloeked, they distend into 
Meibomian eysts. 
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Fig. 274 The laerimal 
gland and its drainage 
system. 


The eonjnnetiva is the delieate mucous membrane lining the inner 
snrfaee of the lids from which it is refleeted over the anterior part of the 
selera to the eornea. Over the lids it is thiek and highly vasenlar, but over the 
selera it is much thinner and over the eornea it is redneed to a single layer 
of epithelium. The line of refleetion from the lid to the selera is known as 
the eonjnnetival fornix; the superior fornix reeeives the openings of the 
laerimal glands. 

Movements of the eyelids are brought about by the eontraetion of the 
orbienlaris oculi and levator palpebrae superioris muscles. The width of 
the palpebral fissure at any one time depends on the tone of these muscles 
and the degree of protrusion of the eyeball. 

The laerimal apparatus (Fig. 274 ) 

The laerimal gland is sitnated in the upper, lateral part of the orbit in what is 
known as the laerimal fossa. The main part of the gland is about the size 
and shape of an almond, but it is eonneeted to a small terminal proeess 
which extends into the posterior part of the upper lid. The gland is drained 
by a series of 8-12 small ducts which open into the lateral part of the supe- 
rior eonjimetival fornix whence its seeretion is spread over the surface of 
the eye by the aetion of the lids. 

The tears are drained by way of the laerimaì eanalienli whose openings, 
the laerimal pnneta, ean be seen on the small elevation near the medial 
margin of eaeh eyelid known as the laerimal papilla. The two canaliculi, 
superior and inferior, open into the laerimal sae, which is situated in a small 
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depression on the medial snrfaee of the orbit. This in turn drains throngh 
the nasolaerimal duct into the anterior part of the inferior meatus of the 
nose. The nasolaerimal duch which not nneommonly beeomes obstrneted, 
is about 0.5 in (12 mm) in length and lies in its own bony eanal in the medial 
wall of the orbit. 


The autononnic nervous system 


The nervons system is divided into two great subgroups: the eerebrospinal 
system, made up of the brain, spinal eord and the peripheral eranial 
and spinal nerves, and the aiitonomie system (also termed the vegetative, 
viseeral or involnntary system), eomprising the antonomie ganglia and 
nerves. Broadly speaking, the eerebrospinal system is eoneerned with the 
responses of the body to the external environment. In eontrast, the auto- 
nomie system is eoneerned with the eontrol of the internal environmenh 
exercised throngh the innervation of the non-skeletal muscle of the heart, 
blood vessels, bronehial tree, gut and the pupils and the seeretomotor 
supply of many glands, inelnding those of the alimentary traet and its out- 
growths, the sweat glands, and, as a rather speeial example, the snprarenal 
mednlla. 

The two systems should not be regarded as being independent of eaeh 
other, for they are linked anatomieally and fnnetionally. Anatomieally 
antonomie nerve fibres are transmitted in all of the peripheral and some of 
the eranial nerves; moreover, the higher eonneetions of the antonomie 
system are sitnated within the spinal eord and brain. Fnnetionally the two 
systems are elosely linked within the brain and eord. 

The eharaeteristie featnre of the antonomie system is that its efferent 
nerves emerge as mednllated fibres from the brain and spinal eord, are 
interrnpted in their course by a synapse in a peripheral ganglion and are 
then relayed for distribntion as fine non-medullated fibres. In this respeet 
they differ from the eerebrospinal efferent nerves, which pass without 
interruption to their terminations (Fig. 275). 

The antonomie system is snbdivided into the sympathetie and 
parasympathetie systems on anatomieab fnnetionab and to a eonsiderable 
extenh pharmaeologieal gronnds. 

Anatomieally the sympathetie nervons system has its motor eell sta- 
tions in the lateral grey eolnmn of the thoraeie and upper two Iumbar seg- 
ments of the spinal eord. The parasympathetie system is less neatly defined 
anatomieally sinee it is divided into a eranial outflow, which passes along 
the eranial nerves III, VII, IX and X, and a saeral outflow, with eell stations in 
the 2nd, 3rd and sometimes 4th saeral segments of the eord. 

Fnnetionally, the sympathetie system is eoneemed prineipally with 
stress reaetions of the body. When this system is stimnlated, the pupils 
dilate, peripheral blood vessels eonstriet, the foree, rate and oxygen eon- 
snmption of the heart inerease, the bronehial tree dilates, viseeral aetivity is 
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Fig. 275 The essential 
differenee between the 
eerebrospinal and 
antonomie outflows: (a) 
the eerebrospinal system 
has its lowest efferent 
nerve eell stations within 
thee.n.s.; (b) the 
autonomic system has its 
lowest efferent eell 
stations in a peripheral 
ganglion (here illustrated 
by a typieal sympathetie 
nerve ganglion). Red, 
afferent pathway; yellow, 
efferent pathway. 


diminished by inhibition of peristalsis and inerease of sphineter tone, 
glyeogenolysis takes plaee in the liver, the snpradrenal mednlla is stimu- 
lated to seerete, and there is cutaneous sweating and pilo-ereetion. The 
sympathetie pelvie nerves inhibit bladder eontraetion and are motor to the 
internal vesieal sphineter. 

Goronary blood £low is inereased, partly by a direet sympathetie effeet 
and partly prodneed by indireet faetors, which inelnde more vigorous 
eardiae eontraetion, redneed systole, relatively inereased diastole and an 
inereased eoneentration of vasodilator metabolites. 

The parasympathetie system tends to be antagonistie to the sympa- 
thetie system (Table 6). Its stimnlation resnlts in eonstrietion of the pupils, 
diminution in the rate, conduction and excitability of the heart, an inerease 
in gut peristalisis with sphineter relaxation and enhaneed alimentary glan- 
dular seeretion. In addition, the pelvie parasympathetie nerves inhibit the 
vesieal internal sphineter and are motor to the detrnsor muscle of the 
bladder. 
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Table 6 Snmmary of effeets of sympathetie and parasympathetie stimnlation. 



Sympathetie stimulation 

Parasympathetie stimulation 

Eye 

Pupil dilates 

Pupil eonstriets; aeeommodation of 
lens 

Laerimal gland 

Vasoeonstrietor 

Seeretomotor 

Heart 

inerease in foree, rate. 

Deerease in foree, rate, conduction 


conduction and 
excitability 

and excitability 

Lung 

Bronehi dilate 

Bronehi eonstriet; seeretomotor to 
mucous glands 

Skin 

Vasoeonstrietor 

Pilo-ereetion 

Seeretomotor to sweat 
glands 


Salivary glands 

Vasoeonstrietor 

Seeretomotor 

Musculature of 

Peristalsis inhibited 

Peristalsis aetivated; sphineters 

alimentary eanal 


relax 

Aeid seeretion of 
stomaeh 


Seeretomotor 

Panereas 


Seeretomotor 

Liver 

Glyeogenolysis 


Suprarenal 

Seeretomotor 


Bladder 

Detrnsor inhibited 

Detrnsor stimulated 


Sphineter stimulated 

Sphineter inhibited 

Uterus 

Uterine eontraetion 
Vasoeonstrietion 

Vasodilatation 


The sympathetie system tends to have a 'mass aetion' effeet; stimnlation 
of any part of it resnlts in a widespread response. In eontrast, parasympa- 
thetie aetivity is usually diserete and loealized. This differenee ean be 
explained, at least in part, by differenees in anatomieal peripheral eonnee- 
tions of the two systems, as will be shown below. 

It is useful to think of the two systems as aeting synergistieally. For 
example, re£lex slowing of the heart is effeeted partly from inereased vagal 
and partly from deereased sympathetie stimnlation. In addition, some 
organs reeeive their antonomie innervation from one system only; for 
example, the snprarenal mednlla and the cutaneous arterioles reeeive only 
sympathetie fibres, whereas nenrogenie gastrie seeretion is entirely under 
parasympathetie eontrol via the vagus nerve. 

Pharmaeologieally the sympathetie postganglionie terminals release 
adrenaline and noradrenaline, with the single exception of the terminals to 
the sweat glands which, in eommon with all the parasympathetie postgan- 
glionie terminations, release aeetyleholine. 
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Vìseeral afferents 

As well as the efferent system, there are afferent viseeral fibres which 
are eoneerned with the afferent are of antonomie reflexes and with the 
eondnetion of viseeral pain stimnli. These nerves have their eell stations in 
the dorsal root ganglia of the spinal nerves or of the ganglia of the eranial 
nerves eoneerned with the antonomie system. The fibres from the viseera 
aseend in the antonomie plexuses; those from the body wall are eonveyed 
in the peripheral spinal nerves. The afferent eonrse from any structure is 
therefore along the same pathway as the efferent antonomie fibres which 
supply the part. 

The afferent fibres aseend eentrally to the hypothalamns and thenee to 
the orbital and frontal gyri of the eerebral cortex along as yet indeterminate 
pathways. Normally we are unaware of the afferent impnlses from the 
viseera unless they beeome snffieiently great to exceed the pain threshold 
when they are pereeived as viseeral pain, e.g. the pain of eoronary 
isehaemia or intestinal eolie. 

The sympathetìe system 

The efferent fibres of the sympathetie system arise in the lateral grey 
column of the spinal eord (see Fig. 275) from segments T1 to L2. From eaeh 
of these segments small mednllated axons emerge into the eorresponding 
anterior primary ramus and pass via a white ramus communicans into the 
sympathetie trnnk. 

The spinal segments responsible for the sympathetie innervation of the 
varions parts of the body are approximately as follows: 

• head and neek, Tl-2; 

• npper limb, T2-5; 

• thoraeie viseera, Tl-4; 

• abdominal viseera, T4-L2; 

• pelvie viseera, T10-L2; 

• lower limb, T11-L2. 

Stimnlation of a single white ramus communicans would thus obvi- 
ously have widespread effeets — the anatomieal basis of the 'mass aetion' 
response of sympathetie stimnlation. 

The sympathetìe trunk 

The sympathetie trunk on eaeh side is a ganglionated nerve ehain which 
extends from the base of the skull to the coccyx in elose relationship to the 
vertebral eolnmn, maintaining a distanee of about 1 ineh (2.5 em) from the 
midline throughout its course. Commencing in the snperior eervieal gan- 
glion beneath the skull base, the ehain deseends elosely behind the posterior 
wall of the earotid sheath, enters the thorax anterior to the neek of the first rib, 
deseends over the heads of the upper ribs and then on the sides of the bodies 
of the last three or four thoraeie vertebrae. The ehain then passes into 
the abdomen behind the medial arenate ligament of the diaphragm and 




deseends in a groove between psoas major and the sides of the Inmbar verte- 
bral bodies, overlapped by the abdominal aorta on the left and the inferior 
vena eava on the right. The ehain then passes behind the eommon iliae 
vessels to enter the pelvis anterior to the ala of the saernm and then deseends 
medial to the anterior saeral foramina. The sympathetie trnnks end below by 
meeting eaeh other at the ganglion impar on the anterior faee of the coccyx. 

The details of the eervieab thoraeie and Inmbar portions of the trnnk are 
given on pages 331,47 and 153 respeetively. 

The sympathetie trnnk bears a series of ganglia along its eonrse which 
eontain motor eells with which preganglionie mednllated fibres enter into 
synapse and from which non-medullated postganglionie axons originate. 
Developmentally, there was originally one ganglion for eaeh peripheral 
nerve, but by a proeess of fusion these have been redneed in man to three eer- 
vieal, twelve or less thoraeie, two to four lumbar and four saeral ganglia. 
Only the ganglia of T1 to L2 reeeive white rami direetly; the higher and lower 
ganglia must reeeive their preganglionie supply from medullated nerves 
which travel throngh their eorresponding ganglia without relay and which 
then aseend or deseend in the sympathetie ehain. Still other preganglionie 
fibres pass intaet throngh the ganglia to peripheral viseeral ganglia for relay. 

There are thus three fates which may befall white rami (Fig. 276). 

1 To enter into synapse from the eorresponding sympathetie ganglion 
(this applies only to the T1 to L2 segments). 


Fig. 276 The three fates 
of sympathetie white 
rami. These may (A) 
relay in their 
eorresponding ganglion 
and pass to their 
eorresponding spinal 
nerve for distribntion, (B) 
aseend or deseend in the 
sympathetie ehain and 
relay in higher or lower 
ganglia, or (C) pass 
without synapse to a 
peripheral ganglion for 
relay. 

















398 


The eentral nervous system 


2 To aseend or deseend in the sympathetie ehain with relay in higher or 
lower ganglia. 

3 To traverse the ganglia intaet and relay in peripheral ganglia. 
Pharmaeologieally the sympathetie postganglionie terminals release 

adrenaline and noradrenaline, with a single exception of the sweat glands, 
which, in eommon with all the parasympathetie postganglionie termina- 
tions, release aeetyleholine. 


Distribution 

The branehes of the sympathetie ganglionie ehain have somatie and vis- 
eeral distribntion. 

Somatie distribution 

Eaeh spinal nerve reeeives one or more grey rami from a sympathetie gan- 
glion which distribntes postganglionie non-medullated sympathetie fibres 
to the segmental skin area snpplied by the spinal nerve. These fibres are 
vasoeonstrietor to the skin arterioles, sndomotor to sweat glands and pilo- 
motor to the cutaneous hairs. 

Viseeral distribution 

Postganglionie fibres to the head and neek and to the thoraeie viseera arise 
from the ganglion eells of the sympathetie ehain. Those to the head aseend 
along the intemal earotid and vertebral arteries, whereas those to the thoraeie 
organs are distribnted by the eardiae, pulmonary and oesophageal plexuses. 

The abdominal and pelvie viseera, however, are snpplied by postgan- 
glionie fibres which have their eell stations in more peripherally plaeed 
prevertebral ganglia—the eoeliae, hypogastrie and pelvie plexuses—which 
reeeive their preganglionie fibres from the splanehnie nerves (Fig. 277). 
These nerves are detailed on page 49. 

The snprarenal mednlla has a unique nerve supply eomprising a rieh 
plexus of preganglionie fibres which pass without relay from the eoeliae 
ganglion to the gland. These fibres end in direet eontaet with the ehromaffin 
mednllary eells, and liberate aeetyleholine (as in all autonomic ganglia) 
which stimnlates the seeretion of adrenaline and noradrenaline by the 
snprarenal mednlla. 

The ehromaffin eells of the snprarenal mednlla may thus be regarded as 
sympathetie eells which have not developed postganglionie fibres; indeed, 
embryologieally both the mednlla and the sympathetie nerves have a 
eommon origin from the neural erest. 


eiinieal features 


Gervieal sympatheetomy—see page 309. 
Lumbar sympatheetomy—see page 154. 
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Goeliae plexus 
Renal plexus 


Lumbar sympathetie 
ehain 


Suprarenal fibres 


Greater and 

iesser splanehnie nerves 


Aortíe piexus 


'Presaeral nerves' 


Fig. 277 The eoeliae plexus. 


The parasympathetìe system 

As already stated, this system has a eranial and a saeral eomponent. Its 
mednllated preganglionie fibres synapse with ganglion eells which lie elose 
to, or aetnally in the walls of, the viseera snpplied. Postganglionie fibres 
therefore have only a short and direet eonrse to their effeetor eells and there 
is thus the anatomieal pathway of a loeal diserete response to parasympa- 
thetie stimulation (Fig. 278). 

eranial outflow 

The eranial eomponent of the parasympathetie system is eonveyed in 
eranial nerves III, VIP IX and X, of which X (the vagus) is the most impor- 
tant and the most widely distribnted. The fnnetions of this group of nerves 
ean be snmmarized as follows: 

1 pupils—eonstrietor to pupil, motor to eiliary muscle (aeeommodation); 

2 salivary glands—seeretomotor; 

3 laerimal glands—seeretomotor; 

4 heart — inhibitor of eardiae eondnetion, eontraetion, excitability and 
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(a) Sympathetíe 


White ramus 


z: 


^ Ganglionated ehair ì 


PeriDheral aanalion 



Fig. 278 The anatomieal 
basis of widespread 
sympathetie and loeal 
parasympathetie 
response. (a) The 
widespread distribntion 
of postganglionie fibres 
from a single 
sympathetie white 
ramus. (b) The loealized 
distribution of 
postganglionie 
parasympathetie fibres. 


impnlse formation (with consequent slowing of the heart and diminution 
of its eontraetion foree); 

5 lungs—bronehoeonstrietor, seeretomotor to mucous glands; 

6 alimentary eanal — motor to gut muscles as far as the region of the 
aseending eolon; inhibitor to the pylorie sphineter; seeretomotor to the 
glands and adnexae of the stomaeh and intestine. 

The parasympathetie distribntion of III, VII and IX is earried out via 
four ganglia from which postganglionie fibres relay. These ganglia also 
transmit (without synapse and therefore without functionaI eonneetion) 
sympathetie and sensory fibres which have similar peripheral distribntion. 
These ganglia are the eiliary (see page 367), pterygopalatine (see page 371), 
submandibular (see page 373) and otie (see page 372). 

The lOth (vagal) distribntion eonveys by far the most important 
and largest eontribntions of the parasympathetie system. It is responsible 
for all the fnnetions of the parasympathetie eranial outflow enumerated 
above, apart from the innervation of the eye and the seeretomotor supply to 
the salivary and laerimal glands. The efferent fibres are derived from the 
dorsal nucleus of X and are distribnted widely in the eardiae, pnlmonary 
and alimentary plexuses. Postganglionie fibres are relayed from tiny 
ganglia which lie in the walls of the viseera eoneerned; in the gut these 
constitute the submucosal plexus of Meissner and the myenterie plexus of 
Auerbach. 
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The saeral outflow 

The anterior primary rami of S2, 3 and oeeasionally 4 give off nerve fibres 
termed the pelvie splanehnie nerves or nervi erigentes, which join the sympa- 
thetie pelvie plexus for distribntion to the pelvie organs. Tiny ganglia in the 
walls of the viseera then relay postganglionie fibres. 

The saeral parasympathetie system has been termed by Gannon The 
meehanism for emptying'. It supplies viseeromotor fibres to the muscles of 
the rectum and inhibitor fibres to the internal anal sphineter, motor fibres to 
the bladder wall and inhibitor fibres to the internal vesieal sphineter. In 
addition, vasodilator fibres supply the ereetile cavernous sinuses of the 
penis and the elitoris. 

Afferent parasympathetie fibres 

Viseeral afferent fibres from the heart, lung and the alimentary traet are eon- 
veyed in the vagus nerve. Saeral afferents are eonveyed in the pelvie 
splanehnie nerves and are responsible for viseeral pain experienced in the 
bladder, prostate, rectum and uterus. The referenee of pain from these 
structures to the saeral area, buttocks and posterior aspeet of the thighs is 
explained by the similar segmental supply of the saeral dermatomes. 

Note that although afferent fibres are eonveyed in both sympathetie and 
parasympathetie nerves, they are eompletely independent of the auto- 
nomie system. They do not relay in the antonomie ganglia and have their 
eell stations, just like somatie sensory fibres, in the dorsal ganglia of the 
spinal and eranial nerves. They simply use the autonomic nerves as a eon- 
venient anatomieal eonveyor system from the periphery to the brain. 




Glossary of eponyms 


In spite of their being 'nnsdentifie', eponymons 
terms are still eommonly used—more so among 
elinieians, it is true, than among professional 
anatomists. This glossary gives brief 
biographieal details of the names mentioned in 
the text. Entries appear alphabetieally aeeording 
to the person whose name is used adjeetivally in 
the term: valves ofBall under Ball, eolnrnn of 
Bnrdaeh under Bnrdaeh, and so on. 

Aleoek's eanal Faseial tunnel on the lateral wall 
of the isehioreetal fossa which eonveys the 
pndendal vessels and nerve. 

Benjamin Aleoek (1801-?), Professor of 
Anatomy, first in Dublin and then Cork. He 
emigrated to Ameriea and disappeared from 
the seene. 

Argyll Robertson pupil The pupil does not 
respond to light but reaets to aeeommodation. 
It is elassieally seen in nenrosyphilis. 

Donglas Argyll Robertson (1837-1909), 
ophthalmie snrgeon, Royal Infirmary, 
Edinbnrgh. 

Anerbaeh's plexus Nerve plexus between the 
eirenlar and longihidinal muscle eoats of the 
intestine. 

Leopold Anerbaeh (1828-1897), Professor of 
Pathology, Breslan. 

valves of Ball Valve-like folds which eonneet 
the distal extremities of the eolnmns of 
Morgagni (q.v.) in the upper half of the anal 
eanal. 

Sir eharles Ball (1851-1916), Regius Professor 
of Surgery in Dublin and an early pioneer of 
reetal snrgery. 

Bartholin's gland The greater vestibular gland. 
Mucus-secreting gland in the posterior labium 
majus. 

Gaspar Bartholin (1655-1738), Professor of 
Anatomy, Gopenhagen. 

Batson's venous plexus The Valveless vertebral 
veins' communicate with the prostatie plexus 


of veins and explain the readiness with which 
eareinoma of the prostate spreads to the pelvis 
and lumbar vertebrae. 

Osear Batson (1894-1979), Professor of 
Anatomy, LJniversity of Pennsylvania. 

Bell's palsy Viral infeetion of the faeial (VII) 
nerve. 

Sir eharles Bell (1774-1842), snrgeon at 
Middlesex Hospital, London. 

Bigelow's Y-shaped ligament The tough ilio- 
femoral ligament of the hip joint. 

Henry James Bigelow (1818-1890), Snrgeon, 
Harvard Medieal Sehool, Boston. 

Blaloek's operation The right snbelavian artery 
is anastomosed end-to-side into the right 
pnlmonary artery in order to overeome the 
pnlmonary stenosis of the tetralogy of Fallot 
(q.v.). 

Alfred Blaloek (1899-1964), Professor of 
Snrgery, Johns Hopkins Hospital, Baltimore. 

Boehdalek's foramen The pleuroperitoneal 
eanal of the developing diaphragm. 

Vineent Boehdalek (1801-1883), Anatomist, 
Prague. 

Broea's area The anterior portion of the inferior 
frontal gyrus; on the dominant side it is the 
motor area for speeeh. 

Pierre Broea (1824-1880), Professor of dinieal 
Snrgery in Paris. 

Brown-Séquard syndrome Prodneedby 
hemiseetion of the spinal eord. 
eharles Edonard Brown-Séquard (1817-1894), 
born in Mauritius, praetised as a neurologist 
in Paris, at Harvard and at the National 
Hospital, Queen's Square, London. 

Brnnner's glands The eharaeteristie 

submucosal aeinar glands of the duodenum. 
Johann Brunner (1653-1727), Swiss anatomist 
who beeame Prof essor of Anatomy at 
Heidelberg and later at Strasbourg. It is said 
that his father-in-law, J. J. Wepfer, aetnally 
diseovered these glands! 
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Bryant's triangle Used in measnrement of the 
hip. 

Thomas Bryant (1828-1914), snrgeon at Gny's 
Hospital; President of the Royal Gollege of 
Snrgeons of England. 

eolnmn of Bnrdaeh The lateral traet (fasiculus 
cuneatus) of the posterior column of the spinal 
eord. 

Gharles Bnrdaeh (1776-1847), Professor of 
Anatomy and Medieine, Konigsberg. 
Caldwell-Luc operation For drainage of the 
maxillary sinus. 

George Walter Caldwell (1866-1946), ENT 
surgeon, New York. 

Henri Luc (1855-1925), ENT surgeon, Paris. 
Galot's triangle Triangle formed by the liver, 
eommon hepatie duct and eystie duct. 

Jean Fran^ois Galot (1861-1941), Surgeon at 
Rothsehild Hospital Franee, where he 
speeialised in the treatment of surgical 
tuberculosis in ehildren. 

Gamper's faseia The superficial fatty layer of 
the superficial faseia of the lower abdominal 
wall. 

Peter Gamper (1722-1789), Professor of 
Medieine in Amsterdam and then Professor of 
Medieine, Snrgery, Anatomy and Botany in 
Groningen. 

Cloquet's gland Lymph node sitnated in the 
femoral eanal. 

Jules Cloquet (1790-1883), Professor of 
Anatomy and Snrgery, Paris. 

Colles' faseia The perineal faseia. 

Colles' fraetnre Fracture of the lower end of the 
radius with dorsal displaeement. 

Abraham Golles (1773-1843), Professor of 
Anatomy and Snrgery at the Royal Gollege of 
Surgeons in Ireland. 

the ligaments of Cooper Fibrous septa in the 
breast. 

the ligament of Cooper The iliopeetineal faseia. 
Sir Astley Paston Gooper (1768-1841), snrgeon 
at Guy's Hospital; President of the Royal 
Gollege of Snrgeons. 

organ of Corti The sound reeeptor organ in the 
eoehlea. 

Alfonso Corti (1822-1888), Italian histologist 
who worked mainly on the retina and the ear. 


Cowper's glands Two glands sihiated in the 
deep perineal pouch which drain into the 
bulbous urethra. 

William Cowper (1666-1698), surgeon in 
London. 

Cushing's syndrome Endoerine abnormality 
assoeiated with hyperplasia or tumour of the 
adrenal cortex or of a basophil adenoma of the 
anterior pituitary. 

Harvey Cushing (1869-1939), pioneer 
neurosurgeon at the Peter Bent Brigham 
Hospital, Boston, USA. 

faseia of Denonvilliers Faseia which separates 
the prostate from the rectum. 

Gharles Pierre Denonvilliers (1808-1872), 
Professor of Anatomy in Paris. 
the arcuate line of Donglas The lower margin 
of the posterior rectus sheath. 
pouch of Douglas The recto-uterine peritoneal 
pouch. 

James Douglas (1675-1742); anatomist and 
obstetrieian in London. 

Dupuytren's eontraetnre Gontraetion and 
fibrosis of the palmar (and oeeasional plantar) 
faseia. 

Baron Guillaume Dupuytren (1777-1835), 
surgeon to the Hòtel Dieu, Paris. 
Edinger-Westphal nucleus Supplies the 
parasympathetie fibres of the oculomotor 
nerve. 

Ludwig Edinger (1855-1918), German 
anatomist and nenrologist. 

Karl Westphal (1833-1890), nenrologist in 
Berlin. Deseribed the nucleus in the adult two 
years after this had been demonstrated in the 
fetus by Edinger. 

Erb-Duchenne paralysis Results from injury 
to the C5 and C6 roots of the braehial 
plexus. 

Wilhelm Erb (1840-1921), Professor of 
Neurology in Heidelberg. 

G. B. A. Duchenne (1806-1875), nenrologist in 
Paris; also deseribed Dnehenne's muscular 
dystrophy. 

Enstaehian tube The pharyngotympanie 
tube. 

Bartolomeo Eustachi (1524-1574), Professor of 
Anatomy, Rome. 
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Fallopian tube The uterine tube. 

Gabrielle Fallopio (1523-1562), Professor of 
Anatomy in Padua and a pupil of Vesalius. 
Fallot's tetralogy Congenital heart disease 
eomprising pulmonary stenosis, right 
ventrienlar hypertrophy, ventrienlar septal 
defeet and overriding of the aorta. 

Etienne Fallot (1850-1911), Professor of 
Medieine, Marseilles. 

Galen'svein The great eerebral vein. 

Claudius Galen (130-200 AD), physieian to the 
emperor Marcus Aurelius. Taught anatomy in 
Rome and prolifie author of text books. 
duct of Gartner Mesonephrie duct remnant in 
the female. 

Hermann Gartner (1785-1827), Danish 
surgeon. 

Gimbernat's ligament The laennar portion of 
the inguinal ligament. 

Manuel Gimbernat (1734-1816), Professor of 
Anatomy in Bareelona. 

column of Goll The medial traet of the posterior 
column of the spinal eord (fasiculus graeilis). 
Friedrieh Goll (1829-1903), both a neurologist 
and anatomist; Professor of Anatomy in 
Zurich. 

Hartmann's pouch Dilatation of the gall 
bladder proximal to its neek. 

Henri Hartmann (1860-1952), Professor of 
Snrgery in the Faenlty of Medieine, Paris. 
the antnim of Highmore The maxillary sinus. 
Nathaniel Highmore (1613-1685), physieian in 
Sherborne, Dorset. His elaim to fame is 
tenuous sinee the maxillary sinus was well 
known to previous anatomists and was 
illnstrated by Leonardo da Vinei. 

Hilton's law Nerves erossing a joint supply the 
muscles aeting on the joint and the joint itself. 
John Hilton (1805-1878), snrgeon at Guy's 
Hospital, London. 

Horner's syndrome Ptosis and eonstrietion of 
the pupil resulting from interrnption of the 
sympathetie innervation to the eyelids and 
pupiL 

Johann Horner (1831-1886), Professor of 
Ophthalmology, Zurich. 

Houston's valves The three lateral folds of the 
rectum. 


John Houston (1802-1845), leetnrer in Snrgery, 
Dublin. 

Hunter's eanal The subsartorial eanal. 

John Hunter (1728-1793), snrgeon at St 
George's Hospital, London. He deseribed 
ligation of the femoral artery in the 
snbsartorial eanal for popliteal aneurysm. 

Huntington's ehorea Progressive ehorea and 
mental deterioration; an autosomal dominant. 
George Sumner Huntington (1851-1916), 
general praetitioner, Long Island, New York 

Killian's dehiseenee The potential gap between 
the two parts of the interior eonstrietor muscle 
through which a pharyngeal pouch protrudes. 
Gustav Killian (1860-1921), ENT snrgeon in 
Berlin. 

Klumpke's paralysis Injury to the lowest root 
of the braehial plexus. 

Augusta Dejerine-Klumpke (1859-1927), 
neurologist in Paris. Married another famous 
neurologist, Joseph Dejerine. 

Koeher's ineision The subcostal approaeh to 
the gall bladder. 

Koeher's manoeuvre Mobilization of the 
duodenum by ineising its lateral peritoneal 
attaehment. 

Koeher's method For rednetion of disloeation 
of the shoulder. 

Theodore Koeher (1841-1917), Professor of 
Surgery in Berne, Switzerland. 

islands of Langerhans Clumps of insulin- 
seereting eells in the panereas. 

Paul Langerhans (1847-1888), Professor of 
Pathology, Freibnrg. He deseribed the islet 
eells in his doetorate shidies in 1869, at the age 
of22. 

nerve of Latarjet The fibres of the vagus nerve 
which supply the gastrie antrum. 

André Latarjet (1876-1947), Professor of 
Anatomy, Lyons. 

Ludwig's angina infeetion of the 
submandibular region. 

VVilhelm Ludwig (1790-1865), Professor of 
Surgery in Tnbingen, Germany. 

foramina of Lushka The lateral openings of the 
fourth ventriele. 

Hubert Lushka (1820-1875), Professor of 
Anatomy, tnbingen, Germany. 
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McBurney's point Two-thirds of the way 
laterally along the line from the umbilicus to 
the anterior snperior iliae spine; the usual site 
of maximum of tenderness in acute 
appendieitis and the eentre of the skin ineision 
for appendieeetomy. 

eharles McBurney (1845-1913), Professor of 
Snrgery New York. A pioneer of early snrgery 
in acute appendieitis. 

Maekenrodt's ligaments The transverse 
eervieal (or eardinal) ligaments of the female 
pelvis. 

Alwin Maekenrodt (1859-1925), Professor of 
Gynaeeology, Berlin. 

foramen of Magendie The midline opening of 
the fourth ventriele. 

Frangois Magendie (1783-1855), physieian, 
Hòtel Dieu, Paris. 

the vein of Mayo A eonstant vein which erosses 
the jnnetion of the pylorns with the 
duodenum. 

Gharles Mayo (1865-1939); with his father 
and his brother, VVilliam, fonnded the Mayo 
eiinie, Roehester, Minnesota. The vein of 
Mayo was deseribed earlier by Latarjet 
(q.v.). 

Meekel's eartilage The eartilage of the first 
branehial areh. 

Meekel's diverticulum The remains of the 
embryonie vitellointestinal duct and present 
in approximately 2 per eent of snbjeets. 

Johann Meekel (1781-1833), Professor of 
Anatomy in Halle, Germany. His grandfather 
was Professor of Anatomy in Berlin who 
deseribed the pterygopalatine ganglion and 
the dural spaee with eontains the ganglion of 
the trigeminal nerve. Johann's father was also 
Professor of Anatomy in Halle. 

Meibomian glands The tarsal glands of the 
eyelid. If bloeked, they distend into 
Meibomian eysts. 

Heinrieh Meibom (1638-1700), Professor of 
Medieine in Helmstadt. 

Meissner's plexus The nerve plexus in the 
submucosal layer of the intestine. 

George Meissner (1829-1905), anatomist and 
physiologist, Professor sneeessively in Basle, 
Freibnrg and Gottingen. He also deseribed 


Meissner's eorpnseles, the cutaneous sensory 
end-organs. 

glands of Montgomery The modified 
sebaeeons glands of the areola of the nipple. 
VVilliam Montgomery (1797-1859), praetised 
obstetries in Dublin. 

eolnmns of Morgagni Vertieal eolnmns of 
mucosa in the anal eanal. 
foramen of Morgagni Gap between the xiphoid 
and eostal origins of the diaphragm. 
hydatid of Morgagni The appendix 

epididymis, the remnant of the mesonephros. 
Giovanni Morgagni (1682-1771), Professor of 
Anatomy in Padua—a post he held for 59 
years! 

Morison's pouch The right subhepatic spaee. 
James Rutherford Morison (1853-1939), 
Professor of Snrgery, LJniversity of Durham. 
He had served as a surgical dresser to Joseph 
Lister. 

Mullerian duct The paramesonephrie duct. 
Johannes Muller (1801-1858), Professor of 
Anatomy, Berlin. 

Nelaton's line A line joining the anterior 
superior iliae spine to the isehial tnberosity. 
The greater troehanter normally lies distal to 
this line. 

Auguste Nelaton (1807-1873), Professor of 
Snrgery in Paris and snrgeon to Napoleon III. 
sphineter of Oddi The sphineter aroimd the 
termination of the eommon bile duct. 

Ruggero Oddi (1845-1906), surgeon in Rome. 
The sphineter had already been deseribed by 
Glisson in the 17th eentnry! 

Paeehionan bodies CIumps of araehnoid villi 
along the snperior sagittal sinus. 

Antoine Paeehioni (1665-1726), Professor of 
Anatomy, Rome. 

Paneoast's syndrome Invasion of the braehial 
plexus by an apieal tumour of the lung. 

H. K. Paneoast (1875-1939), Professor of 
Radiology in the LJniversity of Pennsylvania, 
the first such appointment in the USA. 
Parkinson's disease Tremor and rigidity due to 
lesions of the snbstantia nigra. 

James Parkinson (1755-1824), medieal 
praetitioner, Shorediteh, London. His small 
book An Essay on the Shaking Palsy in 1817 was 



Glossary of eponyms 


407 


based mainly on elose observation of one 
ease. 

Passavant's ridge Prodneed by eontraetion of 
the snperior pharyngeal eonstrietor in 
deglntition. 

Philipp Passavant (1815-1893), snrgeon in 
Frankfnrt. 

Perthes' disease Avasenlar neerosis of the 
femoral head in ehildren. 

Georg Perthes (1869-1927), Professor of 
Snrgery, Tnbingen, Germany. 

Pott's disease Spinal tuberculosis. 

Pott's fraetnre Fracture-dislocation of the 
ankle. 

Pereival Pott (1714-1789), surgeon at St. 
Bartholomew's hospital, London. 

Poupart's ligament The ingninal ligament. 
Franeois Ponpart (1661-1708), snrgeon at the 
Hòtel Dieu, Paris. 

Pringle's manoeuvre Gompression of the 
hepatie artery at the foramen of Winslow in 
the eontrol of haemorrhage. 

James Hogarth Pringle (1863-1941), surgeon 
at the Royal Infirmary, Glasgow. 
Queckenstedt's test Gompression of the 
intemal jugular vein during lumbar puncture 
produces a rise in G.S.F pressnre. 

H. H. G. Queckenstedt (1876-1918), 
nenrologist in Rostoek. He deseribes his test in 
1916 while serving in the German army in 
World War I. He was killed in a road aeeident 
two days before the armistiee. 

Rathke's pouch Origin of the anterior 
pitnitary in the root of the embryonie buccal 
eavity. 

Martin Heinrieh Rathkes (1793-1860). 
Professor of Zoology and Anatomy, 
Kòningsberg, Prnssia. 

island of Reil The insula of the eerebral cortex. 
Johann Reil (1759-1813), Professor of 
Medieine in Halle and, later, Berlin. 
eave of Retzius The retropnbie spaee. 

Andreas Retzius (1797-1860), Professor of 
Anatomy at the Karolinska Institnte, 
Stoekholm. 

fissure of Rolando The eentral eerebral fissnre. 
Luigi Rolando (1773-1831), Professor of 
Anatomy, Turin. 


Romberg's sign Ataxia when the eyes are 
elosed because of loss of position sense. 
Gharaeteristie of posterior column lesions. 
Moritz Romberg (1795-1873), Direetor of the 
LJniversity Hospital in Berlin and author of the 
first systematie book on nenrology. 
duct of Santorini The aeeessory panereatie 
duct. 

Giovanni Santorini (1681-1737), Professor of 
Anatomy in Veniee. 

Sappey's plexus The plexus of lymphaties 
below the nipple. 

Marie Sappey (1810-1896), Professor of 
Anatomy, Paris. 

Searpa's faseia The fibrous layer of superficial 
faseia of the lower abdomen. 

Antonio Searpa (1747-1832), Professor of 
Anatomy and Snrgery at Pavia, Italy. His 
name is also attaehed to the femoral triangle. 
eanal of Sehlemm The sinus venosus selerae, 
draining the aqueous humour from the 
anterior ehamber of the eye. 

F. S. Sehlemm (1795-1858), Professor of 
Anatomy, Berlin. 

Semon's law In partial damage of the reenrrent 
laryngeal nerve, the abdnetors of the voeal 
eords are affeeted more than the addnetors. 
Felix Semon (1849-1921), gradnated in Berlin 
but emigrated to England and beeame 
laryngologist at St Thomas's Hospital, 

London. 

Stensen's duct The duct of the parotid gland. 
Niels Stensen (1638-1686) Professor of 
Anatomy, LJniversity of Gopenhagen, 
Denmark. 

aqueduct of Sylvius Between the third and 
fourth ventriele. 

fissure of Sylvius The lateral eerebral fissnre. 
Frangois de la Boe sylvins (1614-1672), 
Professor of Medieine, Leyden. 

Tenon's eapsnle The faseial sheath of the eye. 
Jacques Tenon (1724-1816), snrgeon at the 
Salpetrière, Paris. 

the snspensory ligament of Treitz Peritoneal 
fold from the right crus of the diaphragm to 
the duodenal termination. 

Wenzel Treitz (1819-1872), Professor of 
Pathology in Prague. 



Glossary of eponyms 



Trendelenburg's test A elinieal test for hip 
stability. 

Friedrieh Trendelenburg (1844-1924), 
Professor of Snrgery Leipzig. He attempted a 
pnlmonary emboleetomy (unsuccessfully) in 
1908. 

the bloodless fold of Treves The ileoeaeeal fold. 
Sir Frederiek Treves (1853-1923), snrgeon at 
the London Hospital. Drained the appendix 
abseess of King Edward VII in 1902. 
ampulla of Vater The ampnlla of the eommon 
bile duct. 

Abraham Vater (1684-1751), Professor of 
Anatomy, Wittenberg. 

Volkmann's eontraetnre Produced by 
isehaemie fibrosis of the forearm muscles. 
Riehard von Volkmann (1830-1889), Professor 
of Snrgery in Halle and one of the pioneers of 
Lister's antiseptie surgical technique. 
Waldeyer's ring The ring of lymphoid tissue 
eomprising the nasopharyngeal tonsil, the 
palatine tonsils and the lymphoid nodules on 
the dorsum of the tongue. 

Heinrieh Waldeyer (1836-1921), Professor of 
Anatomy, first in Strasbonrg and then Berlin. 
He also deseribed the plasma eell in 1875. 
Wernicke's speeeh area Snperior area of the 
temporal lobe of the eerebral cortex. 

Karl Wernicke (1848-1904), psyehiatrist, first 
in Breslau then Halle, Germany. 


Wharton's duct The duct of the submandibular 
salivary gland. 

Thomas Wharton (?1616-1673), physieian at St 
Thomas's Hospital, London. His name is also 
given to the mucoid substance of the nmbilieal 
eord (Wharton's jelly). 

eirele of Willis The arterial anastomosis at the 
base of the brain. 

Thomas Willis (1621-1675), praetised 
medieine in Oxford and then London. Buried 
in Westminster Abbey. 
foramen of Winslow The opening into the 
lesser sae (epiploie foramen). 
jaeob Winslow (1669-1760), born in Denmark 
and beeame Professor of Anatomy and 
Surgery in Paris. 

Wirsung's duct The main panereatie duct. 
Johann Wirsung (1600-1643), Professor of 
Anatomy in Padua, where he was 
assassinated! 

Wolffian body and ducts The mesonephros and 
its ducts. 

Gaspar Wolff (1733-1794), born in Berlin, 
Professor of Anatomy in St Petersbnrg. One of 
the pioneers of embryology. 

Wormian bones Oeeasional aeeessory 
bones between the parietal and oeeipital 
bones. 

Ole Worm (1588-1654), Professor of Anatomy, 
Gopenhagen. 
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abdomen 3-155 
bony landmarks 56 
CT seanning 7, 108, 154-5,154,155 
faseiae 14,21,22,43,58-64,82,106-7, 108, 146-7 
gastrointestinal adnexae 93-103 
gastrointestinal traet 70-93 
ineisions see abdominal ineisions 
muscles see abdominal muscles 
peritoneal eavity 65-70 
surface anatomy 55-8 
surface markings 55-8 
vertebral levels 55,56 
wall see abdominal wall 
see also entries beginning ahdominal; individnal 
anatomieal strnetnres 
abdominal aorta 151-3,152 
abdominal faseiae 58-65 
abdominal ineisions 61-3 
appendieeetomy 81 
McBurney's point 62,63 
midline 61 

muscle split (gridiron) approaeh to appendix 
62 

oblique 62 

paraeentesis abdominis 63 
paramedian 61 
subcostal (Koeher) 62 
thoraeo-abdominal 62-3 
transrectus 62 
transverse 62 

abdominal mnseles 58-61,59 
arcuate line of Douglas 60,61 
eostal margin 60 
oblique 59,60-1 
rectus abdominis 58,59 
rectus sheath 58,59,60-2 
tendinous interseetions 58,59,61 
transversus abdominis 60 
abdominal ureter 109 
abdominal wall 58-65 
anterior, muscles 58-61 
blood supply 155 
faseiae 58-65 
ineisions 61-3 
inguinal eanal 63-5,63,64 
muscles 58-61,59 


nerve supply 58 
posterior 149-55 
abdominal aorta 151-3,152 
bones 149-50 
elinieal features 150-1 ,150 
inferior vena eava 152,153 
lumbar sympathetie ehain 153-5 
muscles 150,150 
psoas 150,150 
suprarenal glands 151 
see also entries beginning abdominal; individnal 
stnietmes 

abducent nerve 340,374,374-5,375 
elinieal features 374-5 
innervation 374 
nucleus of origin 375 
relation to cavernous sinus 368,374 
abducent nerve (VI) 340 
abductor digiti minimi 186 
abductor hallucis 212 
abductor pollieis brevis 186 
abductor pollieis longus 164,165,186 
abductors, wrist 184 
aberrant renal arteries 111,112 
abnormal obturator artery 240,240-1 
abseesses 
breast 162 
frontal lobe 318 
perianal 85 ,85 
psoas 150,150 
subphrenic 6,69 

aeeessory duct (of Santorini) 75,102,407 
aeeessory nasal sinuses 303,318-21,318 
ethmoid 320-1 
frontal 318-19 
maxillary 319-20,320 
sphenoid 321 
see also individnal sinnses 
aeeessory nerve (XI) 308,340,381 
elinieal features 381 
aeeessory vein, lateral 248 
aeeommodation-eonvergenee reflex, loss of 368 
acetabular noteh 226 
acetabulum 125,125,129,226 
aeetyleholine 395 
Aehillis tendon 208,211 
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acholuric jaundice 105 
acoustic nerve (VIII) 340 
aeromegaly 348 

aeromion proeess 163,167,168,177, 178 ,179 

Adam's apple 285 

Addison, plane of 55 

addnetor eanal (of Hunter) 242,242 

addnetor pollieis 186 

addnetors, wrist 184 

addnetor tubercle 207,211,213,213,218, 218 ,245 
adenoids 273,277,278 
adenoma, basophil 348 
aditus 

antrum 386 
larynx 245 

adrenal glands see suprarenal glands 
adrenaline 395 

adrenoeortieotrophin (ACTH) 346 
adventitial bursae 208 
ala 125,383 
alar folds 231 

Aleoek's eanal 135,135,136,252 
alimentary eanal 88-9 
see also gastrointestinal traet 
allantois 111 
alveolar nerves 

inferior 312,321,371,372 
bloek 324 
superior 371 
alveoli of mandible 321 
alveus 351 
amazia 162 

ambiguus nucleus 341,380 

ampulla 144 

ampullary erests 387 

ampulla of Vater 98,101,102 ,105 

amygdala 351,352 

amygdaloid nuclear complex 352 

anaesthesia 

inferior alveolar nerve 324 
saeral (caudal) 132 
anal eanal 82-3 ,83 
blood supply 83 
lymphatie drainage 83 
nerve supply 83 
saeral outflow 401 
anal fistula 85 ,85 
anal sphineter 82, 83-4 
anatomieal snuff-box 164,166,187 
android pelvis 130,131 
angina, Ludwig's 276 
angle of Louis 3,4,6,11,19 ,28 
ankle 233-4,233 
capsule 233 
elinieal features 234 
eollateral ligaments 233,234 
fracture 234 


movements 234 

mnseles and tendons 212,212,233,234 
annnlar ligament 181 ,183 
annnlar panereas 102 
annulus fibrosus 328,329,330 
annulus ovalis 3,31 
anoeoeeygeal body 84 
anoreetal ring 84,85,132 
anosmia 317,365 
ansa eerviealis/hypoglossi 382 
ansa hypoglossi 267,295,382 
anterior eerebral artery 297,356,358 
anterior cutaneous nerves 59 
anterior fissure (spinal eord) 333 
anterior horns (spinal eord) 333 
anterior interventrienlar artery 34,34 
anterior jugular vein 21,22,263,264,267,304 
anterior longitudinal ligaments 264 
anterior motor nerve roots (spinal eord) 333 
anterior nerve of Latarjet 73,74 
anterior perineum 134,135,252 
anterior tibial artery 246-7 
anthropoid pelvis 130,131 
antral puncture 319 
antrum of Highmore see maxillary sinus 
anus 

imperforate 83,92 

see also entries beginning anal/reetal; reetnm 
aorta 

abdominal 151-3,152 
blood supply to 
abdomen 151-3 
heart 33^, 34,37-8 
eoaretation 9,41-2,41 
eoeliae axis 151-2 
eongenital abnormalities 41,42 
radiography 56 
relations 67 ,108 
snrfaee markings 56,57 
aorta-pulmonary window 42 
aortie arehes and derivatives 3,4,13,22,22,44, 48, 
265, 289,294,300 
development 37-8, 38 ,42 
aortie knuckle 51 
aortie lymph nodes 72 
aortie opening 15,15,16 
aortie plexus 121,299 
aortie sinuses 32 
aortie valve 32 
aperture 
of Luschka 361 
of Magendie 361 
apexbeat 3 
aphasia 353,359 
aponeurosis 
bieipital 167 
internal oblique 60 
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palmar 200,201 
plantar 236 

of transverse abdominis 60 
aponenrotie layer of sealp 313,314,317 
appendieeetomy 81 
appendiees epiploieae 79 
appendieitis 40,81 
appendiealar artery 80,81 
appendbí 79-80 ,80 
blood snpply 80 ,81 
elinieal featnres 80-1 
mesentery 80 ,80 
muscle split (gridiron) ineision 62 
position 68,79-80 
appendbe epididymis 119 
appendix testis 119,148 
aqueduct of Sylvius 361 
aqueous humour 390 
araehnoid mater 337,360 
araehnoid villi 362 
arbor vitae 343 
arehes (foot) 235-7,235 
arcuate artery 247 
arcuate ligaments 14,15,47 
arcuate Hne of Douglas 60,61 
areola 159 

glands of Montgomery 159 
Argyll Robertson pupil 366 
arm 

muscles and tendons 164, 164,1 65 
deformities 197-200 ,198 
see also upper limb; and individnal anatomieal 
elements 
arteries 

abnormal obturator 240-1 

aorta see aorta 

appendicular 80,81 

arcuate 247 

auricular 295 

axillary 159,186-7 

basilar 211,212,297,298,300,340,358 

braehial 166,166,167,187 

braehioeephalie 39,169,265,294,298 

bronehial 25 

earotid see earotid arteries 

eentral, of retina 296,365,389 

eerebellar see eerebellar arteries 

eerebral 297,297,300,345,349,352,356,358,359 

eervieal 299 

circumflex 34 

communicating see eommnnieating arteries 
eoronary 33,34,34 
eystie 68,81,99,100 
dental 324 

dorsalis pedis 212, 213,247 
epigastrie 9,18,42,58,59,60,61,64,65,153,240, 
245,249 


faeial 295,312 
femoral see femoral artery 
gastrie 15,44,58,60,64, 71, 72,74,152,153,240, 
245 

gastrodnodenal 75,77 
glnteal 255 

hepatie see hepatie arteries 
ileoeolie 80,86, 86 ,109 

iliae 64,109,111,114,118,132,138,152,153,154, 
244,245 

intereostal 9,12,159,299 
interventrienlar 34 
laryngeal 287 
lingnal 273,277,295 
Inmbar 153,336 
maxillary 294,295,295,384 
median saeral 152 
meningeal 295,312,373 
mesenterie see mesenterie arteries 
oeeipital 295,295 
ophthalmie 296,384 
ovarian 139,142,145,152 
palatine 280 

panereatieodnodenal 77,86,102 

peroneal 212,213,233,246 

pharyngeal 280,295 

phrenie 151,152 

plantar 246,247 

popliteal see popliteal artery 

profunda femoris 245 

pnlmonary 23,25,37,39,40,42,289,300 

radial 164,166,187,188 

reetal 84 ,86 

renal 105,107,111,112,145,151,152 

seiatie 255 

spinal 300,336,358 

splenie 67,71, 72,74, 76,101,104,152 

snbelavian 166,298-9,299 

snperfieial temporal 295 

snprarenal 152 

temporal 295,311 

testienlar 119,120,152 

thoraeie 9,13,22,60,187,299 

thyroid see thyroid arteries 

thyroidea ima 265 

tibial see tibial arteries 

ulnar 164,166,167,187,188-9, 188, 194,195 
nmbilieal 39,64 
nterine 139,141,142 
vertebral 297, 298,299, 300,327,340,358 
vesieal 64,109,114,118 
see also blood snpply under individual organs 
arterioselerosis 245 
articular ligaments 328 
aryepiglottie folds 282,285 
aryepiglottie muscle 287 
arytenoids 285 




412 


lndex 


r 


aseending traets of spinal eord 335 ,336 
posterior eolnmns 336 
spinoeerebellar traets 336 
spinothalamie traets 336 
aseites, ehylons 47 
aseptie bone neerosis 220 
astereognosis 351 
asymmetrieal pelvis 130-1 ,131 
atlas 325 ,330 
atria 

development 35,36 
left 32 
right 31 ,31 

atrioventrienlar bundle (of His) 33 
atrioventrienlar node 33 
auditory cortex 351 ,378 
auditory nerve (VIII) 377-9 ,378 
elinieal features 378-9 
eoehlear fibres 377 
vestibular fibres 377 
auditory pathway 377-9 ,378 
Auerbach's plexus 89,400 
auricular appendage 31 
auricular f aeet of sacrum 126 
auricular veins 304 
auricuIotemporal nerve 372 
autonomic nervous system 393-401,394 
parasympathetie 393,394,395,399-401 
sympathetie 393^, 395,396 
sympathetie trunk 396-8 
viseeral afferents 396 
see also individual systems 
axillary artery 159,186-7 
axillary lymphnodes 160, 160,161 
axillary nerve 167,190,191-2 ,193 
axis 326 

azygos veins 12,44,305 

barium meal 75 
barrel ehest 49 
Bartholin's glands 137 
basal ganglia 353^, 354,360 
Parkinson's disease 360 
basilar artery 211, 212, 297, 298, 300,340,358 
basilievein 166-7 
basivertebral veins 338 
basophil adenoma 348 

Batson's valveless vertebral venous plexus 338 
beat knee 208 
Bell's palsy 377 

benign prostatie hypertrophy 118 
bieeps 164 
bicepsbursa 182 
bieeps tendon 182, 211 ,215 
bieipital aponeurosis 167 
bieipital groove 170 ,171 
Bigelow's ligament 226 


biliary system 98-9 
bitemporal hemianopia 366 
blaekeye 317 
bladder 112-14,138 
blood supply 114 
eystoseopy 114 
lymph drainage 114 
nerve supply 114 
relations 112-14 ,113 
Blaloek's operation 300 
blindness 366 
bloodless fold of Treves 80 
Boehdalek's foramen 17 
bones 

atlas 325,330 
axis 326 
calcaneus 207 
eapitate 174,175 
carpus 174 
elaviele 163,168-9,168 
coccyx 126 
ethmoid 383 
femur 207 

fibula 207,223,224,225 

hamate 174,175 

head of talus 207 

humerus 163,169-71,171 

hyoid 261 

ilium 124,207 

incus 322,386 

lunate 174 

malleus 322,386 

mandible 312,321-4 

manubrium sterni 3,11 

mastoid 312 

metaearpals 174 

navicular 236 

nutrient foramina 225 

os innominatum 124-5,125 

patella 207 

pisiform 163,174 

radius 163,165,171^, 172,173 

sacrum 125-6,126 

seaphoid 164,174,175 

scapula 3,163,168 

skull see skull 

stapes 386 

sternum 11 

temporal 376 

tibia 207,223-1,223 

trapezium 174,175 

trapezoid 174,175 

triquetral 174 

ulna 163,165,171-4,172,173 

vomer 383 

VVormian, of skull 316 

see also vertebral column 




bowel 

atresia 92 
stenosis 92 

see also gastrointestinal traet 
braehial artery 166, 166,167 ,187 
braehialis 164 

braehial plexus 167,189-91, 189,190,299 
injnries 197 

braehioeephalie artery 39,169,265,294,298 
braehioeephalie vein 12 ,305 
brain 339-64 

amygdaloid nuclear complex 352 
arterial supply 297 
basal ganglia 353^, 354 
cerebellum 342^ 
eerebral cortex 349-51 
eerebral hemispheres 349 
dieneephalon 346,347 
extrapyramidal system 359-60 
hypothalamus 346-7,347 
insula 347,352 

long aseending and deseending pathways 354-6 

medulla 339^2 

meninges 360 

midbrain 344-6 

parahippoeampal gyrus 351-2 

pituitary gland 347-8 

pons 342 

pyramidal traet 256-9 
thalamus 349 
venous supply 301-3 
see also ventrieles (brain) 
brain stem 360 
branehial eyst 310 
branehial fistnla 310 
branehial pouches 269 
branehial system 310-11,311 
breast 159-62 
abseesses 162 
blood supply 159 
eareinoma 162 
elinieal f eatures 162 
development 161 
developmental abnormalities 162 
lymphatie drainage 159-61, 260 ,161 
structure 159 

broad ligament 141,144 ,147 
Broea's speeeh area 350 
lesions of 359 
bronehi 20,23 
elinieal featnres 23 
bronehial arteries 25 
bronehial veins 25 
bronchopulmonary lymph nodes 25 
Brown-Séquard syndrome 337 
Brunner 's glands 89 
Bryant's triangle 220 


buccal nerve 292,372 
buccopharyngeal faseia 281 
bulbospongiosus 134 
bulbus eordis 35,36 
bundle of His 33 
bunion 208 
bursae 

adventitial 208 
bieeps 182 
infrapatellar 224 
lower limb 207-8 
radial 201 

subacromial-subdeltoid 2 78 
subscapular 175 
suprapatellar 231 
ulnar 201 

buttock, injeetions into 215,226 

cachexia 283 
caecum 79 

ealeaneal (Aehilles) tendon 211 
ealeanens 207 
sustentaculum tali 207,236 
ealearine sulcus 352,366 
Caldwell Luc operation 319 
Galot's triangle 100,200 
ealyees of kidney 106 
Gamper'slayer 58 
eanal of Sehlemm 390 
eapitate bone 2 74, 2 75 
capitulum 181 
caput Medusae 488 
eardia 70 
eardiae eentre 342 
eardiae nerve 380 
eardiae noteh 6 
eardiae outline 51 
eardiae veins 34,35 
eardinal ligament 2 46 
earina 23 
earotid arteries 295 
branehes 295-6,295 
elinieal featnres 297-8 
eommon 261,294 
external 261 

internal 261,294,296-7,298,340 
earotid body 296 
earotid nerve 379 
earotid sheath 264,297 
earpaljoints 283 
earpal tunnel syndrome 175-6 
earpometaearpaljoints 283,184 
carpus 174 
disloeation 175 
eartilage 
corniculate 285 
eostal 10-11,60 
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erieoid 42,261,285 
cuneiform 285 
epiglottis 283,285 
Meekel's 321-2 
semilnnar 231,232-3 
thyroid 261,285 
carunculae myrtiformes 137 
cauda equina 333 
caudate lobe of liver 93 
caudate nucleus 347,353,354,360 
eave of Retzius 116 
cavernous sinuses 301,302,368,374 
elinieal features 303 
eentral nervous system 331-401 
autonomic nervous system 393-401,394 
see also autonomic nervous system 
brain 339-64 
spinal eord 333-9 
see also individnal organs 
eentral sulcus of cerebrum 312 
eentral venous eatheterization 305 
eephalie vein 166-7 
eephalohaematoma 314 
eerebellar arteries 300,343,344 
inferior 340 
superior 340 

eerebellar hemispheres 342 
eerebellar peduncle 343,369 
cerebellum 342-4 
arbor vitae 343 
blood supply 343 
elinieal features 344 
eonneetions 344 
cortex 343 
dentate nucleus 343 
external feahires 340,342-3 
flocculus 342-3 
folia 343 

internal structure 343 
nucleus emboliformis 343 
nucleus fastigii 343 
nucleus globosus 343 
tentorium eerebelli 343 
vallecula 342 
vermis 342 

eerebral aqueduct (of Sylvius) 361 
eerebral arteries 300,345,349,352,356 
anterior 296,297,298,340 
middle 296,297,298,340,358,359 
posterior 297,298,340,349,358 
eerebral cortex 349-51,350 
elinieal features 353 
eonneetions of 352-3 
frontal lobe 349-50 
lesions of 359 
parietal lobe 350-1 
temporal lobe 351 


eerebral haemorrhage 359 
eerebral hemispheres 349 
eerebral peduncle 345 
blood supply 358 
lesions of 359 
eerebral veins 
great 301 
internal 301 
snperfieial middle 303 
eerebrospinal fluid 337 
circulation 361-4 
drainage 303 
lumbar puncture 338 
pressure 362 
rhinorrhoea 319,365 
volume 362 
eervieal artery 299 
eervieal eanal 139 ,140 
eervieal lymph nodes 287,307 
eervieal nerve 291 
eervieal plug 143 
eervieal sympatheetomy 309 
eervieal sympathetie trunk 308-10, 
309 

elinieal f eatnres 309-10 
eervieal vertebrae 325,326 
cervix 137,139 
lymph drainage 143 
see also uterus 
ehest radiograph 49-52 
abnormahties 50 
bony eage 49 

eentering and density of film 49 
domes of diaphragm 50 
general shape 49 
lung fields 50 
mediastinnm 50 
ehiasmatie eistern 362 
ehordae tendinae 32 
ehorda tympani 275,371,375 
ehoroid 389 
ehoroid plexus 347 
ehoroid vein 301 
ehromophobe adenoma 348 
ehylnria 47 
eiliary body 389 
eiliary ganglion 367-8 
eiliary muscles 389 
eiliary proeesses 389 
eiliary ring 389 
eirele of VVillis 297,298,340 
eirenlation, fetal 38-40,39 
circumflex artery 34 
eisterna ambiens 362 
eisterna ehyli 45,88 
eisterna magna 362 
claustrum 347 




elavide 163,168-9,26^ 
elinieal featares 169 
fraetnres 169,270 
dawhand 198 
deft palate 271-2,272 
dergyman's knee 208 
ditoris 137 
doaea 222 
Cloquet's gland 239 
eoaretation of aorta 9,41-2,42 
coccygeus 132,233 
coccyx 126 
eoehlear nuclei 377 
eoeliae axis 86,104 
eoeliae plexus 380,399 
eollateral ligaments 185,225,231 
injury 232 
Golles' faseia 58 
Golles' fracture 173 

colliculus seminalis (verumontanum) 115,116 
eolon 79 
transverse 66 
columns of Morgagni 83 
eommon bile duct 76,98 
eommon peroneal (fibular) nerve 214 
eommon tendinous ring 375 
communicating arteries 
anterior 297,298 
posterior 297,298,340 
eonehae 383 

conducting system of heart 32-3 
eondyloid proeess 312 
eone eells 365 
eongenital abnormalities 
aorta 41,42 

faee, lips and palate 270-2,272,272 
gastrointestinal traet 90-3,92 
heart 40 

see also developmental abnormalities 
eonjoint tendon 64 
conjunctiva 392 
eonstant vein of Mayo 70 
conus medullaris 333 
Gooper's ligaments 159 
copula 275 

eoraeoid proeess 163,168 
eordotomy 337 
eornea 389 

corniculate eartilage 285 
eoronal suture 315 
eoronary artery 33,34,34 
eoronary ligament 66,95 
eoronary sinus 34 
eoronoid fossa 272 
eoronoid proeess 171, 272, 282 
eorpora albieantia 146 
eorpora lutea 146 


eorpora quadrigemini 345 
corpus callosum 347,353,354 
corpus striatum 353-4 
corticobulbar fibres 358 
eostal eartilages 10-11,60 
elinieal features 11 
eostal margin 3,55 
eostoeervieal trunk 299 
Cowper 's glands 133 
coxa valga deformity 220 
coxa vara deformity 220 
eranial nerves 296,301,340,364-81 
see also individiial nerves 
eraniopharyngioma 348 
eremasterie faseia 64 
eremasterie muscle 64 
erieoarytenoid muscle 287 
erieoid eartilage 42,261,285 
cricopharyngeus 283 
erieothyroid ligament 261,285 
erieothyroid membrane 285 
erieothyroid muscle 286 
erieotraeheal membrane 285 
erista terminalis 31 
erossed pyramidal traet 334,336,358 
emeiate ligament 230,231 
injury 232 
crutch palsy 197 
cuneate nucleus 341,354 
cuneiform eartilage 285 
Cushing's syndrome 348 
eyanosis, at birth 40 
eystie artery 68,81,99,100 
eystie duct 98 
eystoseopy 114 
eysts 

branehial 310 
thyroglossal 266 

dartos muscle 119 

deafness 378 

deep perineal pouch 133 

deep transverse ligaments 184 

deglutition see swallowing 

deltoid 163,164 

dental artery 324 

dental nerve 372 

dentate nucleus 343 

denticulate ligament 337 

dermoid 

external angnlar 271-2 
inclusion 271-2 
deseendens hypoglossi 382 
deseending traets of spinal eord 334-6, 
335 

erossed pyramidal 334,336 
direet pyramidal 336 
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developmental abnormalities 
breast 162 
kidneys 111-12 ,112 
ureter 111-12 ,112 
see also eongenital abnormalities 
dextro-rotation of heart 40 
diabetes insipidus 347 
diagonal conjugate 148 
diaphragm 14-18 ,15 
development of 15-18,16 ,17 
domes of 50 
hernia 15-18,16,17 
openingsin 15,15,16 
diaphragma sellae 347,360 
dieneephalon 346,347 
diploè of skull 316 
diploie veins 301,313 
dipping gait 228,237 
direet pyramidal traet 336,358 
disloeations 
elbowjoint 183 
hip 228-9 ,229 
jaw 323 
patella 220,222 
shoulder joint 179-80 ,180 
Dormia basket 101 
dorsalis pedis artery 212,213,247 
pulse 213 

dorsal nerve of penis / elitoris 252 
dorsal nucleus 379 
dorsal tubercle of Lister 163 
double vision 368,375 
ducts of Gártner 148 
ductus arteriosus 38 ,39 
persistent 41 

ductus deferens see vas deferens 
ductus venosus 39 
duodenal eap 77 
duodenal papilla 76 
duodenum 75-7 
blood supply 77 
elinieal features 77 
mobilisation 77 
radiology 77 
relations 75-7,76 
Dupuytren's contracture 200,236 
dura mater 337,360 
venous sinuses 301-3,302 
see also individtial sinnses 
dysphagia 283 
dysphagia lusoria 42,300 

ear 384-7 
auricle 384 
deafness 378 
external 384-5,385 
external auditory meatus 384 


internal 387 

middle, see also auditory pathway; middle 
ear 

otitis media 278 
tympanie membrane 384-5,385 
eardrnm 384—5,385 
eetopie pregnaney 145 
Edinger-Westphal nucleus 366 
efferent ducts 121 
ejaculatory duct 115,124 
elbow joint 180-3,181,182 
capsule 180 
elinieal features 182-3 
disloeation 183 
humeroradial articulation 180 
humero-ulnar articulation 180 
muscles aeting on 182 
pulled 183 

superior radio-ulnar articulation 180 
emboliformis nucleus 343 
emissary veins 301,313 
emphysema, barrel ehest 49 
empyema 18 

endoeardial cushions 35,36 
endolymph 387 
endometrium 143 
endopelvie faseia 146-7 
entorhinal cortex 351 
enveloping faseia 263 
eosinophil adenoma 348 
epieardinm 29 
epididymis 119-23 

epigastrie artery 9,18,42,58,59,60,61,64,65,240, 
245,249 

epiglottis 283,285 

epiploie foramen (of Winslow) 68,68 

episiotomy 137 

epitympanie reeess (attie) 384,385 
epòophoron 148 
Erb-Duchenne paralysis 197 
ethmoid bone 
eribriform plate 383 
perpendicular plate 383 
ethmoiditis 321 
ethmoid sinuses 320-1 
elinieal features 321 
Eustachian eanal 277 
Eustachian (pharyngeal) cushion 277 
Eustachian tube see pharyngotympanie (Eustachian) 
tube 

exomphalos 93 
expiration 18 
extensor earpi 

radialis brevis 165 
radialis longus 165 
ulnaris 165 

extensor digiti minimi 165 ,185 
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extensor digitornm 165 
longus 185^ 211 

extensor hallucis longus 211 ,212 
extensor indieis 165 ,185 
extensor pollieis 
brevis 164,165,186 
longus 164, 165 ,186 
extensor retinacula 222 
external iliae lymph nodes 2 42 
external oblique muscle 59 
external oeeipital protrnberanee 311 
extradural bloek 338 
extradural (epidural) spaee 338 
extrapyramidal system 359-60 
eye 388-93,388 
anterior ehamber 390 
aqueous humour 390 
blaek 317 
conjunctiva 392 
double vision 368,375 
fibrons eoat 388-9 
hyaloid eanal 390 
hyaloid membrane 390 
iris 389 

laerimal system 392-3,392 
lens 390 
motor field 349 
muscles 368,374,390-1,392 
neural eoat 389 
posterior ehamber 390 
pupil 366,368 
retina 365,366,389 
sinus venosus selerae 390 
tarsal (Meibomian) glands 391 
Tenon's capsule 391 
visual pathvvay 365-6,366 
vitreous body 390 
see also oculomotor nerve; optie nerve 
eyelids 391-2 

faee, development 270-2,272,272 
faeial artery 295,312 
faeial colliculus 375 
faeial (geniculate) ganglion 375 
faeial nerve (VII) 292,340,375-7,376 
elinieal features 376-7 
distribution of 376 
genu of 375 
palsies 376-7 

relation to parotid gland 291-2,292 
faeial palsy 292 
faeial vein 304 
faleiform ligament 66,94,95 
Fallopian tubes 238,139, 242,144-5,244 
elinieal features 144-5 
embryology 148-9,249 
structure 144 


Fallot's tetralogy 40,42 
false voeal eords 285,289 
falx eerebelli 360 
falx eerebri 360 
faseiae 

abdominal 14,22,22,43,58-64,82,106-7,208, 
146-7 

buccopharyngeal 281 
Golles' 58 
eremasterie 64 

of Denonvilliers 82,116,117,118 
endopelvie 146-7 
enveloping 263 
gráee à Dieu 166 
investing 263 
lata 238 
neek 262^,263 
pharyngobasilar 279,281 
pretraeheal 263,264 
prevertebral 263,264 
pubocervical 246,147 
renal 106,208 
spermatie 64 
superficial 262 
transversalis 60,64,106, 208 
faseial sheath of eye 391 
fasciculus cuneatus (of Burdach) 336 
fasciculus graeilis (of Goll) 336 
fastigii nucleus 343 
female 

genital organs 136-49 
pelvis 128,228,229,129 
perineum 235 
urethra 115 

femoral artery 211,244-5 
arterioselerotie ehanges 245 
blood sampling 245 
branehes 245 
elinieal features 245 
eommon 245 
superficial 245 
surface markings 223 
femoral eanal 238-9,239 
femoral hernia 239-41,240 
femoral nerve 214,250 
branehes 250 
femoral sheath 238-9,239 
femoral triangle 211,237-8,238 
femur 216-20,227,228 
adductor tubercle 207 
blood supply 217,228 
elinieal features 219-20,220 
eondyles 218 
fractures 219-20,220,222 
greater troehanter 207,225,217 
head 216-17,229 
intereondylar noteh 218 
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lesser troehanter 217 
linea aspera 218 
neek 217,219 
shaft 217-18 
shortening 211 
snpraeondylar lines 218 
troehanterie erest 217 
troehanterie line 217 
fenestra eoehleae (round window) 386 
fenestra vestibuli (oval window) 384 ,386 
fetus 

eirenlation 38-40,39 
skuU 316 

spinal eord 333,334 
fibrous flexor sheath 201 
fibula 207,223,224,225 
head 207,224 
styloid proeess 224 
fibular noteh 224 
filum terminale 333,337 
fimbria 

of Fallopian tube 144 
of parahippoeampal gyrus 351 
fimbria ovariea 144 
fingers 

sepsis 200,201 

superficial pulp spaee 200-1,201 
synovial tendon sheaths 201-3,202, 
203 

see also hand 
fissure in ano 85-6 
fissures 

anterior of spinal eord 333 
oblique of lung 6 
superior orbital 375 
transverse of lung 6 
fistnla, anal 85,35 
flexor earpi 

radialis 164,275 
ulnaris 164 
flexor digiti minimi 186 
flexor digitornm 
longus 211,212 
profundus 175,185 
superficialis 164, 2 75,185 
flexor hallucis longus 211,212 
flexor pollieis 
brevis 186 
longus 175,186 
flexor retinaculum 175,212 
floating kidney 107 
flocculus 342-3 
folia of cerebellum 343 
fontanelles of skull 316 
foot 

arehes of 235-7,236 
joints 234-5 


f oramen / foramina 
anterior saeral 125 
ofBoehdalek 17 
caecum 266,272-3 
epiploie (of Winslow) 68 ,68 
infraorbital 312 
intervertebral 325 
jugular 303^ 
magnum 340 
mandibular 321 
mental 312,321 
ofMorgagni 17 
obturator 125 
ovale 3,36,37,39 
posterior saeral 125 
rotundum 371 
seiatie 127,253 
stylomastoid 375 
transversarium 325 
of Winslow 99,153 
forniees 137,138 
fornix 351,354 
fossa 

eoronoid 171 
glenoid 163,176,173 
interpeduncular 345 
intersigmoid 68 
intraperitoneal 68 
isehioreetal 68,84,135,136 
oleeranon 171,171 
ovalis 31 
paradnodenal 68 
piriform 280,286 
pituitary 347 
popliteal 242-4,243,255 
radial 171 
retroeaeeal 68 
tonsillar 279 
troehlear 171 
fractures 
ankle 234 
elaviele 169,170 
Golles' 173 
femur 219-20,220,221 
oleeranon proeess 173 
patella 222 
pelvis 131-2 
Pott's 234 
radius 172-3,173 
ribs 9 

seaphoid 175 
skull 303,317 
spine 329-30 
supracondylar 163 
ulna 172-3,173 
frenulum lingnae 137,273 
frontal assoeiation cortex 350 
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frontal cortex 349-50 
tumours 365 
frontal nerve 370 
frontal sinuses 318-19 ,383 
elinieal features 318-19 
frontonasal proeess 270 

gall-bladder 99-101 ,99 
blood supply 99-100 ,100 
elinieal features 100-1 ,101 
development 100 
gangrene 100-1 
structure 100 
surface markings 57 
gall-stone ileus 77 
ganglia 

basal 353^, 354,360 
eiliary 367-8 
faeial (geniculate) 375 
inferior 308 
middle 308 
otie 372-3 

pterygopalatine 371-2 
spinal eord 333 
stellate 37 
submandibular 373 
superior eervieal 308 
trigeminal 369 ,371 
ganglion impar 397 

gastrie artery 15,44,58,60,64,71, 72,74,152,153, 
240,245 

gastrie fundus 70 
gastrie mucosa 89 
gastrocnemius 211 
gastroduodenal artery 75,77 
gastrointestinal adnexae 93-105 
biliary system 98-9 
gall-bladder 99-101 
liver 93-8 
panereas 101-4 
spleen 104-5 
see also individiial striietnres 
gastrointestinal traet 70-93 
alimentary eanal 88-9 
appendix 79-80 
arterial supply of intestine 86-7 
eongenital abnormalities 90-3, 92 
development 90-3 ,91 
duodenum 75-7 
large intestine 78-9 
lymph drainage of intestine 88 ,89 
portal venous system 87-8 
rectum 81-6 
small intestine 77-8 
stomaeh 70-5 
see also individnal strnetnres 
gastroseopy 74-5 


gastrosplenie ligament 68,73,104 
genioglossus 273^, 273 
genital organs 
female 136-49 
embryology 148-9 

endopelvie faseia and pelvie ligaments 146-7 
Fallopian tubes 144-5 
ovary 145-6 
uterus 139^4 
vagina 137-9 
vaginal examination 147-8 
vulva 136-7 
see also individnal strnetiires 
male 116-24 

prostate gland 82,113, 116-18 
scrotum 119 

testis and epididymis 119-23 
vas deferens 55, 113, 123^ 
see also individnal strnetiires 
genito-femoral nerve 64 
genu valgum 222 
gigantism 348 

Gimbernat's ligament 239,240 
glabella 311 

glands of Montgomery 159 
glenoidfossa 168, 176 ,178 
globosus nucleus 343 
globus pallidus 347,353,360 
glossopharyngeal nerve (IX) 296,340,379 
elinieal featnres 379 
gluteal artery 255 
gluteus maximus 211 
gluteus minimus 211 
goitre 

plunging 267 
retrosternal 266 
Graafian follieles 146 
gràee à Dieu faseia 166 
graeile nucleus 341,354 
graeilis tendon 211 
grey matter 
brain 343 
spinal eord 333 
grey rami 308,309 
groin 

bloek disseetion 241 
lymph nodes 241-2,242 
gubernaculum testis 121 
gynaeeoid pelvis 130 ,131 

haematoeolpos 137,149 
haematometra 149 
haematosalpinx 149 
haemopneumothorax 19 
haemorrhoids 84-5 
haemothorax 18,19 
hamate bone 174,175 
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hand 

bonesof 174-7, 274, 275 
deformities 198 
jointsof 184-5 
mnseles aeting on 185-6 
spaees of 200-3, 201-3 

see also individnal bones, joints, mnseles and tendons 
hare lip 271 
Hartmann's poneh 99 
head 

arteries of 294—300 
blood supply, seealso individnal vessels 
sealp 312-14,323 
skuU 303,314-18 
surface anatomy/markings 311-12 
veins of 301-6 
head of talus 207 
heart 6-7,29^2,30 
blood supply 33^, 34 
eardiae outline 51 
conducting system 32-3 
eongenital abnormalities 40 
development 35-7,3 6 
dextro-rotation 40 
diaphragmatie surface 31 
fetal circulation 38-40,39 
horizontal 50 
left atrium 32 
left ventriele 32,36 
nerve supply 35 
posterior surface 31 
radiography 50-2 ,51 
left oblique view 51,52 
right oblique view 51-2,52 
rightatrium 31,32 
right ventriele 32,32 
septal defeets 40-2,42 
size and shape 50 
snrfaee markings 5 
trilocular 40 
venous drainage 34-5,35 
see also entries beginning eardiae 
hemianopia 359 
hemiazygos veins 12 
hepatie arteries 97 
hepatie ducts 95,97,98 
hepatie flexure 76 
hepatie plexus 380 
hernia 

diaphragm 15-18, 16,17 
femoral 239^1,240 
hiatus 17 
inguinal 65,240 
obturator 251 
para-oesophageal 17 
rolling 17-18,27 
sliding 17,27 


hiatus hernia 17 
Hilton's law 228 
hilum 105 
hip 226-9,226 
capsule 226 

elinieal features 228-9,229 
disloeation 228-9,229 
limb shortening at 210 
movements 227 
nerves 228 
relations 225,227-8 
snrgieal exposure 227 
synovium 227 
Trendelenburg's test 228 
hippocampus 351 
Hippoeratie method 179-80 
hook of hamate 164,168 
horizontal heart 50 
Horner's syndrome 197,267,310 
horseshoe kidneys 111 ,112 
housemaid's knee 208 
humerus 163,169-71 ,171 
anatomieal neek 170 
bieipital groove 170 ,171 
capitulum 170 
epieondyles 163,170 
greater tnberele 163,170 
headof 163,170 
lesser tubercle 170 
surgicalneck 170 
troehlea 170 
Hunter 's eanal 242,242 
hyaloid eanal 390 
hyaloid membrane 390 
hydatid, of Fallopian tube 144 
hydatid, of Morgagni 119 
hydroeele 119,123 
hydrocephalus, otitie 303 
hymen 137 
hyoglossns 273^, 273 
hyoid bone 261 
hyperparathyroidism 268 
hypobranehial eminenee 275 
hypoglossal nerve (XII) 276,292,296,340,381-2 ,382 
elinieal features 382 
hypophysis eerebri see pituitary gland 
hypothalamus 346-7,347 
elinieal features 347 
hypothenar muscle 175 
hystereetomy 140 

ileoeaeeal fold 80 
ileoeolie artery 80,86,109 
ileum 78 
arterial areades 78 

iliae artery 64,109,111,114,118,132,138,152,153, 
154,244,245 
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iliae erest 55,56, 106, 124 ,125 
plane of 55 

iliae spines 124, 213,215 
iliae veins 114,118 

iliofemoral ligament see Bigelovv's ligament 

iliohypogastrie nerve 58 

ilio-inguinal nerve 58, 59, 64 ,106 

iliopeetineal line 124 

iliotibial traet 211,238 

ilium 124,207 

imperforate anus 83,92 

ineisions 

breast abseess 162 
ehest drainage 19 
elbowjoint 182 
groin 245 
hip 227 
loin 6 

thoraeotomy 14 
traeheostomy 22 
see also abdominal ineisions 
incisura angularis 70 
inclusion dermoids 271-2 
incus 322,386 
inferior alveolar nerve 312 
inferior colliculus 377 
inferior ganglion 308 
inferior reetal nerve 252 
inferior vena eava 152 ,153 
diaphragmatie opening 15, 15,16 
infrahyoid lymph nodes 307 
infraorbital foramen 312 
infraorbital nerve 312,319,371 
infrapatellar bursa 224 
infrapatellar fat pad 231 
infraspinatus muscle 177 
infundibular stalk 346 
infundibulopelvic ligament 144 ,145 
infundibuloventricular erest 32 
infundibulum 

of Fallopian tube 144 
of hypothalamus 347 
of ventriele 32 
inguinal eanal 63-5, 63,64 
elinieal features 65-6 
relations 64-5,64 
inguinal hernia 65 ,240 
indireet 122 

inguinal ligament of Poupart 55,60,209 ,213 
inguinal ring 
external 55 
internal 64 
inion 311 
inspiration 18 
insula of Reil 347,352 
interarytenoid muscle 287 
intercavernous sinuses 301 


intereondylar noteh 218 
intereostal artery 9,12,159,299 
intereostal muscles 12 
intereostal nerve bloek 13 
intereostal nerves 13 
intereostal spaee 11-14, 12,13 
elinieal features 13-14 
intereostal veins, superior 305 
internal capsule 
blood supply 358 
lesions of 359 

internal iliae lymph nodes 142 
internal mammary lymph nodes 160 
internal oblique aponeurosis 60 
internal oblique muscle 59,64 
internal thoraeie vessels 7,159 
internal nrethral sphineter 114 
interpeduncular eistern 362 
interpeduncular fossa 345 
interphalangeal joints 184 
intersigmoid fossa 68 
interspinous ligament 328 
internreterie ridge 114 
interventricular artery 34 
intervertebral dises 328,329 
prolapsed 330 
intervertebral foramen 325 
intervertebral j oints 328-30,329 
intestine see bowel; large intestine; small intestine 
intraperitoneal fossae 68 
intravenous pyelogram 110 
intravenous urogram 116 
investing faseia 263 
ischialramus 125 
isehial spines 125 
isehial tnberosity 125, 207 ,215 
ischiocavernosus 134 
isehiofemoral ligament 226 
isehioreetal fossa 68,135 ,136 
elinieal features 136 
ischium 125 ,125 
islets of Langerhans 102 
isthmus 144 

jaw see mandible 
jejunum 78 

arterial areades 78 
joints 

ankle 233^, 233 
earpal 183 

earpometaearpal 183 ,184 
elbow 180-3,281,182 
of foot 234-5 
hip 226-9,226 
interphalangeal 184 
intervertebral 328-30,329 
knee 229-33,230 
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metaearpophalangeal 184 
mid-tarsal 234 
saeroiliae 127 
shoalder 176-80,176,177 
sternoelavienlar 5 
temporomandibnlar 322-3 
tibiofibnlar 233- 
tibiofibnlar 233 
wrist 164,165,183-4,183 
xiphisternal 3 

see also disloeations; fraetnres; and individnal 
joints 

jugal point 311 
jugular foramen 303-4 
jugular lymph trnnk 45 
jugular veins 

anterior 264,304 
external 261,263-4,304 ,305 
internal 281,295,303-4,305,305 
jugulodigastric lymph nodes 274,280,307 

kidneys 105-9 
bloodsupply 107 
ealyees 106 
elinieal features 107-9 
eongenital absenee of 111 
developmental abnormalities 111-12,112 
embryology 110-11,111 
floating 107 
horseshoe 111,112 
lymph drainage 107 
pelvie 111,112 
perinephrie fat 106,108 
polyeystie 111,112 
relations 105-7,106,107 
renalfaseia 106 
snrfaee markings 57 
snrgieal exposure 108-9 
see also entries beginning renal; snprarenal 
Killian's dehiseenee 283 
Klnmpke's paralysis 197,199 
knee joint 229-33,230 
alarfolds 231 
capsule 231 
elinieal features 232-3 
infrapatellar fat pad 231 
internal structures 230,231 
loeking 233 
movements 231-2 
see also patella 

Koeher 's manoeuvre 77,91 
Koeher's method 179 
kyphosis 49 

labiamajora 136-7 
labia minora 137 
labrnm acetabulare 226 


labrum glenoidale 176 
laerimal canaliculi 392 
laerimal gland 392 
laerimal nerve 370 
laerimal papilla 392 
laerimal puncta 392 
laerimal sae 392 
laerimal system 392-3,392 
laennae laterales 301 
lacuna magna 115 
laennar ligament 239,240 
lambdoid suture 315 
large intestine 78-9 
peritoneal attaehments 79 
see also rectum 
laryngeal arteries 287 
laryngeal nerves 288 
injury 288-9 

recurrent 264,267,287,288,299,380 
snperior 275,288,380 
laryngeal sphineters 282 
laryngopharynx 280 
laryngoseopy 289 
larynx 284-9 
aditus 285 
blood supply 287 
eareinoma 288 
elinieal featnres 288-9 
internal structure 286 
lymph drainage 287-8 
mnseles 286-7,287 
nerve supply 288 
vallecula 285 
lateral aeeessory vein 248 
lateral areh of foot 235 
lateral eollateral ligament 180 
lateral cutaneous nerve of thigh 250 
lateral genienlate body 349,354,365,367 
lateral rectus muscle of eye 374 
lateral sinus 303 
latissimus dorsi 164 
legamentum teres 66 
lens, of eye 390 
lentiform nucleus 353,354 
lesser omentum 95 
lesser sae 67,67 
levator ani 84,112,132,133 
levator palpebrae 375 
levator prostatae 132 
lienorenal ligament 68,73,104 
ligaments 
annnlar 181,183 
arenate 14,15,47 
artienlar 328 
of Bigelow 226 
broad 141,144,147 
eardinal 146 
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eollateral 185,215,231,232 

of Gooper 159 

eoronary 66,95 

erieothyroid 261,285 

eraeiate 230,231,232 

deep transverse 184 

dentienlate 337 

faleiform 66,94,95 

gastrosplenie 68,73,104 

infundibulopelvic 144,145 

inguinal (of Ponpart) 55,60,209,213 

interspinous 328 

isehiofemoral 226 

lacunar (Gimbernat's) 239,240 

lateral eollateral 180 

lienorenal 68,73,104 

longitndinal 328 

medial eollateral 180 

oblique 231 

ovarian 144,145 

palmar 184 

peetineal (Astley Gooper) 239 
pelvie 146-7,146 
plantar 236 
posterior saeroiliae 127 
pubofemoral 226 
puboprostatic 116 
pulmonary 18 
round 141,144,147 
sacrotuberous 127 
sphenomandibular 322 
spring 236 
supraspinous 328 
suspensory, of lens 390 
suspensory, of Treitz 76 
temporomandibnlar 322 
transverse aeetabnlar 226 
triangnlar 95 
uterosacral 146,147 
voeal 285 

ligamentum arteriosum 38 
ligamentum flavum 328,339 
ligamentum patellae 231 
ligamentum teres 93,95,226 
ligamentum venosum 93,95 
light reflex, loss of 368 
limbie system 351-2 
linea alba 59,60 
linea aspera 218 
lingual artery 273,277,295 
lingual nerve 292,371,372 
lingual nerve (V) 292 
lingual swellings 275 
lingual thyroid 266 
lingual vein 304 
lingular bronchus 27 
lingular proeess 322 


lips 

eleft 271,272 

development 270-2,271,272 
Little's area 384 
liver 93-8,94 

eoronary ligaments 66 
'H' 94 
lobes of 93 

peritoneal attaehments 95 
segmental anatomy 95-7,96,97 
structure 95 
surface markings 56,57 
see also entries beginning hepatie 
longitudinal ligaments 328 
lower limb 205-57 
anatomy and snrfaee markings 207-16 
arteries 211-14,244-7 
bones and joints 207,216-37 
bursae 207-8 
faseia lata 238 
femoral eanal 238-9,239 
femoral sheath 238-9,239 
femoral triangle 211,237-8 ,238 
lymph nodes and lymph drainage 241-2,242 
mensuration 208-11 
mnseles and tendons 211 
nerves 214-16,215,216,249-57 
see also individnal nerves 
segmental cutaneous supply 256-7,257 
veins 211-14,247-9 ,248 
see also individnal bones; mnseles; tendons; vessels 
lower respiratory traet 19-28 
bronehi 23 
lungs 23-8 
traehea 19-23 
see also individnal strnetnres 
Ludwig's angina 276 
lumbar artery 153,336 
lumbar plexus 250-1,250 
elinieal featnres 251 
lumbar puncture 338 
lumbar sympatheetomy 154 
lumbar sympathetie ehain 153-5 
elinieal featnres 154-5 
eompnterized axial tomography 154-5,154, 
155 

lumbar vertebrae 327 
lumbosacral trunk 251 
lunate 174 
lungs 6,23-8,24 
blood supply 25 

bronchopulmonary segments 25-8,25,26,27 

eardiae noteh 6 

lingular segment 27 

lymphatie drainage 25 

nerve supply 25 

oblique fissure 6 
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radiography 50 
surface markings 5,6 
transverse fissure 6 
see also bronehi 
Luschka's aperture 361 
lymph drainage 
bladder 114 
breast 159-61,160,161 
intestine 88 ,89 
kidneys 107 
larynx 287-8 
lower limb 241-2,242 
ovary 145 
palatine tonsils 280 
panereas 102 
stomaeh 72 
testis 121 
tongue 274 
uterus 142-3,142 
vagina 138 
lymph nodes 
aortie 72 

axillary 160,160,161 
bronehopnlmonary 25 
eervieal 287,307 
external iliae 242 
horizontal 307 
infrahyoid 307 
internal iliae 142 
internal mammary 1 60 
jugulodigastric 274,280,307 
mastoid 307 
para-aortie 107,114,142 
paratraeheal 25,307 
prelaryngeal 307 
pretraeheal 307 
retropharyngeal 307 
saeral 142 

submandibular 274,293,307 
submental 274,307 
snboeeipital 307 
snbpylorie 72 
snperfieial ingninal 142 
snperfieial parotid 307 
snprapanereatie 72 
traeheobronehial 25 
vertieal 307 

lymphoid ring of VValdeyer 273 

McBurney's point 62,63 
maerostoma 271 
macula lutea 389 
Magendie's apertnre 361 
main en griff e 1 98 
male 

genital organs 116-24 
pelvis 128, 128 ,129 


perinenm 134 
nrethra 113,115 
mallens 322,386 
mamillary bodies 346,346,351 
mandible 312,321^, 322 
alveoli 321 
elinieal featnres 323 
eondyloid proeess 321 
eoronoid proeess 321 
development 321-2 
disloeation 323 
osteomyelitis 324 
ramus 321 
teeth 323^ 

temporomandibular joint 322-3 
mandibnlar foramen 321 
mandibnlar nerve 291, 370-1,371,372,374 
mandibnlar noteh 321 
mandibular proeesses 270 
manubrium sterni 11 
bones 3 

massa intermedia 349 
masseter muscle 312 
masteetomy 162 
mastoid 312 
mastoid air eells 386 
mastoid antrum 386 
mastoid lymph nodes 307 
mastoid proeess 385 
maxillary artery 294,295,295,384 
maxillary nerve 370-1,374 
maxillary proeess 270 
maxillary sinus 319-20,320 
elinieal featnres 319-20 
ostium 319 
maxillary vein 304 
Meekel's eartilage 321-2 
Meekel's diverticulum 92 
medial areh of foot 235 
medial eollateral ligament 180 
medial genienlate body 349,377 
medial lemnisens 354 
medial malleolns 207,212,214,224 
median enbital vein 167 
median nerve 165,167,168,176,190,195-7 ,195 
branehes 196 
eompression 176 
cutaneous distribution 196 
palsy 198,199 
median saeral artery 152 
mediastinal lymph trunk 45 
mediastinal shadow 50 
mediastinum 28-49 
heart 29^2 
oesophagus 42-5 
pericardium 28-9 
radiography 50 





snperior 42 
thoraeie duct 45-7 
thoraeie sympathetie trrnik 47-9 
see also individiial stnietnres 
medolla 339^2 
blood supply 342^ 358 
elinieal features 342 
deep structure 341-2 ,341 
external featnres 340-1 ,340 
lesions of 359 
sensory decussation 354 
medullary velum 345 
Meissner's plexus 89 
melanocyte-stimulating hormone 346 
membranous labyrinth 387 
membranous urethra 115 
meningeal arteries 295,373 
middle 312 
meninges 
brain 360 

spinal eord 337-8,337 
menstrnal eyele 143 
proliferative phase 143 
seeretory phase 143 
mental foramen 312,321 
meralgia paraesthetiea 251 
meseneephalie nucleus 370 
mesenterie arteries 77,87,88,90,91,107,154 
inferior 86 ,152 
snperior 86, 86,152 
mesenterie veins 87 

mesonephrie (VVolffian) ducts 110, 111 ,148 
mesonephros 110 ,111 
mesovarium 145 
metaearpals 174 
metaearpophalangeal joints 184 
metanephrie duct 110 ,111 
metanephros 110 ,111 
metopie suture 315 
Mierofilaria banerofti 47 
mierostoma 271 
midbrain 344—6 
elinieal features 346 
eorpora quadrigemini 345 
external featnres 344-5,345 
internal structure 345 
lesions of 359 
medullary velum 345 
pineal gland 345 
snbstantia nigra 345 
tectum 345 
tegmentum 345 
middle ear 385-7 ,387 
aditus 386 

epitympanie reeess (attie) 384 ,385 
fenestra eoehleae (round window) 486 
fenestra vestibuli (oval window) 386 


incus 322,386 
lateral wall 385 
malleus 322,386 
mastoid air eells 386 
mastoid antrum 386 
medial wall 385-6 
prominenee 386 
promontory 386 
stapes 386 
tegmen tympani 386 
tubal tonsil 386 
middle ganglion 308 
midline ineision 61 
midpalmar spaee 202,203 
mid-tarsal joint 234 
milkline 162 
miner'selbow 174 
mitral valve 32 
moderator band 32 
monkey's hand 198 
mons pubis 137 
Morgagni's foramen 17 
motor cortex 349 
blood supply 358 
motornucleus 370 
motor pathways 356,357 
mouth 

floorof 276-7,277 
lips 270-2,271,272 
palate 270-2 
salivary glands 289-93 
tongue 272-6 
Míillerian ducts 148 
muscles 

abductor digiti minimi 186 

abductor hallucis 212 

abductor pollieis brevis 186 

abductor pollieis longus 164,165,186 

adductor pollieis 186 

aryepiglottie 287 

bieeps 164 

braehialis 164 

bulbospongiosus 134 

eiliary 389 

coccygeus 132,133 

eremasterie 64 

erieoarytenoid 287 

cricopharyngeus 283 

erieothyroid 286 

dartos 119 

deltoid 163,164 

diaphragm 14-18 

extensor earpi radialis brevis 165 

extensor earpi radialis longus 165 

extensor earpi ulnaris 165 

extensor digiti minimi 165,185 

extensor digitornm 165 
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extensor digitornm longns 185,211 

extensor hallneis longns 211 ,212 

extensor indieis 165 ,185 

extensor pollieis brevis 164, 165 ,186 

extensor pollieis longns 164, 165, 186 

extensor retinaenla 212 

external oblique 59 

flexor earpi radialis 164 ,175 

flexor earpi ulnaris 164 

flexor digiti minimi 186 

flexor digitornm longus 211 

flexor digitorum profundus 175 ,185 

flexor digitorum superficialis 164, 175 ,185 

flexor hallucis longus 211 ,212 

flexor pollieis brevis 186 

flexor pollieis longus 175, 186 

flexor retinaculum 175 

gastrocnemius 211 

genioglossus 273^, 273 

gluteus maximus 211 

gluteus minimus 211 

hyoglossus 273^, 273 

hypothenar 175 

infraspinatns 177 

interarytenoid 287 

intereostal 12 

internal oblique 59 ,64 

ischiocavernosus 134 

lateral rectus of eye 374 

latissimus dorsi 164 

levator ani 84,112,132, 333 

levator palpebrae 375 

levator prostatae 132 

masseter 312 

mylohyoid 276 

obliquus externus abdominis 60 

obliquus superior 375 

obturator internus 112 

omohyoid 285,382 

opponens digiti minimi 186 

opponens pollieis 186 

orbital 390-1,393 

palatine 270 

palatoglossns 273^, 273 

palmaris longus 164 

peetoralis major 18,164 

pelvie floor 132-6 

peroneus brevis 211,232 

peroneus longus 211,237 

peroneus tertius 232 

pharyngeal eonstrietor 281 

poplitens 232 

psoas major 14, 106 ,150 

psoas minor 150 

pnboreetalis 132 

quadratus lumborum 106,108 

quadriceps femoris 211 


rectus abdominis 58,59 ,108 
rectus inf erior 3 75 
rectus lateralis 375 
rectus medialis 375 
rectus superior 375 
saerospinalis 108 
sartorins 211 
sealenns anterior 9,18,299 
serratns anterior 18,164 
sphineter vaginae 132 
stapedins 386-7 

sternoeleidomastoid 18, 3 70,261,298 

sternohyoid 169,285,382 

sternothyroid 169,382 

styloglossns 273^, 273 

snperior oblique of eye 368 

supraspinatus 177, 3 78 

temporalis 312 

tensor palati 282 

tensor tympani 387 

teres major 164 

teresminor 177 

thyroarytenoid 287 

thyroepiglottie 287 

thyrohyoid 284,285 

tibialis anterior 211,232,237 

tibialis posterior 211,232,237 

transversns abdominis 60,64 ,108 

transversns thoraeis 12 

trieeps 164 

vastus medialis 222 

see also sphineters 

muscle split (gridiron) ineision 62 
muscularis mucosae 88 
musculocutaneous nerve 190,194 
mylohyoid muscle 276 

nasal eavity 383 
nasal septum 383 

nasal sinnses see aeeessory nasal sinnses 
nasion 311 
nasoeiliary nerve 370 
nasolaerimal duct 393 
nasopalatine nerve 371 
nasopharyngeal tonsils 273,277,278 
nasopharynx 277-8 
elinieal featnres 278 
navienlar tnberosity 207,236 
neek 

arteries of 294-300 
bloek disseetion 308 
eervieal sympathetie trunk 308-10,309 
faseial eompartments 262-4,263 
lymph nodes 306-8,307 
parathyroid glands 267-70, 268,269 
rootof 299 

snrfaee anatomy 261-2,262 





thyroid gland 264-7,265,266 
triangles of 262 
tuberculous disease 308 
veins of 301-6 ,304 
see also individiialfasdae and vessels 
Neissner 's plexus 400 
Nelaton's line 210 
nerves 

abducent 340,374—5,375 
aeeessory 308,340,381 
acoustic 340 
ansa hypoglossi 267,382 
anterior cutaneous 59 
anterior of Latarjet 73, 74 
auditory 377-9 ,378 
auriculotemporal 372 
axillary 167,190,191-2,193 
buccal 291,372 
eardiae 380 
earotid 379 
eervieal 291 

eranial see and individual nerves; eranial 
nerves 
dental 372 

deseendens hypoglossi 382 

dorsal of penis / ehtoris 252 

faeial see faeial nerve 

femoral 214,250 

frontal 370 

genito-femoral 64 

glossopharyngeal 296,340,379 

hypoglossal 276,292,296,340,381-2 ,382 

iliohypogastrie 58 

ilio-inguinal 58,59,64,106 

inferior alveolar 312 

inferior reetal 252 

infraorbital 371 

intereostal 13 

laerimal 370 

laryngeal see laryngeal nerves 

lateral cutaneous of thigh 250 

lingual 292,371,372 

lumbar plexus 250-1,250 

lumbar sympathetie ehain 153-5 

lumbosacral trunk 251 

mandibnlar 291,371,372,374 

maxillary 370-1,374 

median 165,167,168,176,190,195-7,195 

musculocutaneous 190,194 

nasoeiliary 370 

nasopalatine 371 

nfra-orbital 312,319 

obtnrator 251 

oenlomotor 340,366-8 

olfaetory 364-5 

ophthalmie 371,374 

optie 365-6,366 


palatine 371 
palatoglossus 275 
pelvie splanehnie 401 
perineal 252 

peroneal see peroneal nerves 
petrosal 376,379 
pharyngeal 295,380 
phrenie 299 

posterior superior lateral nasal 371 
posterior tibial 212 
pndendal 83,136,251 
radial 190,192^, 193 
saeral 251 

seiatie 214,215,216,252,253-5,254 
spinal 13,333 
splanehnie 47,49 
snperfieial radial 167 
supraclavicular 167 
snpraorbital 312,370 
supratrochlear 370 
temporal 291 

thoraeie sympathetie trunk 47-9 
tibial 211,244,254,255 
trigeminal 340,369-74 
troehlear 340,368-9,369 
tympanie 379 

ulnar 167,168,190,194-5,195 
vagus 73^, 73,288 
zygomatie 291,371 
see also nerve siippli/ ofindividiial organs 
nervi erigentes 401 
nervous system 

autonomic 393^01 
eentral 331^01 
motor pathways 356,357 
somatie afferent pathways 354-6,355 
see also individnal systems 
nervus spinosus 372 
neural areh of vertebrae 324 
nipples 56,159 
position of 3 
retraetion 162 
supernumerary 162 
noradrenaline 395 
nose 383^, 383 

aeeessory nasal sinuses 303,318-21 ,318 
see also individnal sinnses 
ala 383 

elinieal features 384 
eonehae 383 
external 383 
Little's area 384 
mucous membrane 383-4 
olfaetory portion 383-4 
respiratory portion 384 
septum 383 

see also entries beginning zvith nasal 
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nucleus 

ambiguus 341 ,380 
caudate 347,353,354 ,360 
eoehlear 377 
cuneate 341,354 
dentate 343 
dorsal 379 
Edinger-VVestphal 366 
emboliformis 343 
fastigii 343 
globosns 343 
graeile 341,354 
lentiform 353,354 
meseneephalie 370 
motor 370 
pulposus 328 
red 346,360 
sensory 370 
somatie efferent 366 
vestibular 360,377 
nutrient foramina 225 

oblique fissure 6 
oblique ineision 62 
oblique ligament 231 
oblique sinus 29,29 
oblique vein 35 
obliquus externus abdominis 60 
obliquus superior 375 
obturator foramen 125 
obtnrator hernia 251 
obtnrator internus 112 
obturator nerve 251 
obtnrator neurectomy 251 
oeeipital artery 295,295 
oeeipital assoeiation cortex 352 
oeeipital cortex 352,353,367 
oculomotor nerve (III) 340,366-8 
elinieal features 368 
odontoid proeess 326 
oesophageal atresia 45 
oesophageal mucosa 89 
oesophageal opening 15, 15,16 
oesophageal plexus 380 
oesophageal stenosis 46 
oesophageal transit time 283 
oesophageal variees 45,88 
oesophagus 42-5 
blood supply 44 
eervieal 42-3,43 
elinieal features 44-5 
course and relations 42-4 
development 45 
lymphatie drainage 44 
radiography 44 
structure 44 
thoraeie 43^ 
oleeranon bnrsitis 174 


oleeranon fossa 171 ,171 


oleeranon proeess 

163,172 

fracture 173 


olfaetory nerve (I) 

364-5 

elinieal features 

365 

olivary eminenees 

340 


omentum 
greater 66 
lesser 66 

omohyoid 285,382 
ophthalmie artery 296,384 
ophthalmie nerve 371,374 
ophthalmie veins 303 
opponens digiti minimi 186 
opponens pollieis 186 
optie ehiasma 346,348,365,367 
optiedise 365,389,390 
optie nerve (II) 365-6,366 
elinieal features 366 
optie radiation 354,367 
optie traet 347,367 
ora serrata 389 
orbital mnseles 390-1 ,391 
organ of Corti 387 
oropharyngeal isthmus 282 
oropharynx 278-9 
os innominatum 124-5 ,125 
ostium, of Fallopian tube 144 
ostium primum defeet 40 
ostium secondum defeet 40 
otie ganglion 372-3 
otitie hydroeephalns 303 
otitis media 278 
oval window 384 ,386 
ovarian artery 139, 142,145,152 
ovarian fossa 145 
ovarian ligament 144 ,145 
ovary 138,141,144,145-6 
blood supply 145 
eorpora albieantia 146 
eorpora lutea 146 
embryology 148-9 
germinal epithelium 146 
Graffian follieles 146 
lymph drainage 145 
nerve supply 145 
relations 145 
structure 146 
tunica albuginea 146 
oxynticcells 89,92 
oxytocin 347 

Paeehionian bodies 301,362 
palate 270-2 
eleft 271-2,272 
development 270-2, 271,272 
hard 270 
soft 270 





palatine artery 280 
palatine muscles 270 
palatine nerves 371 
palatine tonsils 279-80,279 
blood supply 279-80 
elinieal features 280 
erypts 279 
intratonsillar eleft 279 
lymph drainage 280 
palatoglossal areh 279 
palatoglossus muscle 273-4,273 
palatoglossus nerve 275 
palatopharyngeal areh 279 
palatopharyngeus muscle 279 
palmar aponeurosis 200,201 
palmaris longus 164 
palmar ligaments 184 
pampiniform plexus 120 
Paneoast's syndrome 197 
panereas lOl^ 
annular 102 
blood supply 102 
elinieal f eatures 102-3 
development 102 ,103 
lymphatie drainage 102 
psendoeyst 103 
relations 101-2 
structure 102 
surface markings 57 
panereatie ducts 75 
pancreaticoduodenal artery 77,86,102 
papilloedema 363 
para-aortie lymph nodes 107,114 ,142 
paraeentesis abdominis ineision 63 
paraduodenal fossa 68 
parahippoeampal gyrus 351-2 
paramedian ineision 61 
paramesonephrie (Miillerian) ducts 148 
parametrium 146 
para-oesophageal hernia 17 
paraplegia 330 

parasympathetie nervous system 393,394,395, 
399^01 

afferent fibres 401 
eranial outflow 399^00 ,400 
saeral outflow 401 
vagus nerve, see also vagus nerve 
parathyroid glands 267-70, 268,269 
adenoma 268 
elinieal features 268-70,269 
development 268 
hyperparathyroidism 268 
position of 268,269 
paratonsillar vein 280 
paratraeheal lymph nodes 25,307 
parietal assoeiation cortex 350-1 
parietal cortex 350-1 
Parkinson's disease 360 


paròophoron 148 
parotid duct (of Stensen) 290,312 
parotid gland 289-92,290 
elinieal features 292 
faeial nerve relations 291-2,292 
relations 290-1 
tumour 292 

pars membranaeea septi 37 
patella 207,220,222,222 
elinieal features 220-2 
disloeation 220,222 
fracture 222 
infrapatellar bnrsitis 208 
prepatellar bursitis 208 
retinacula 226,231 

peetineal (Astley Gooper) ligament 239 
peetoralis major 18,164 
pelvie diaphragm 132 
pelvie floor 132-6 
pelvie kidney 111 ,112 
pelvie ligaments 146-7 ,146 
pelvie muscles 132-6 
coccygeus 132 ,133 
levator ani 84,112,132 ,133 
see also perineum 
pelvie splanehnie nerves 401 
pelvis 124-32 
elinieal features 131-2 
coccyx 126 
fractures 131-2 
functions of 126-7 

joints and ligamentous eonneetions 127 
male versus female 128, 128,129 
obstetrieal measurements 128-30,129, 
130 

os innominatum 124-5 ,125 
saeral (caudal) anaesthesia 132 
sacrum 125-6 ,126 
variations in shape 130-1 ,131 
see also pelvie floor 
pelvis of ureter 106 
perforated substance 346 
perforating veins 249 
perianal abseess 85,85 
perianal haematoma 85 
pericardium 28-9,28 
fibrous 28 
parietal layer 29 
perilymph 387 
perinealbody 134 
perineal membrane 133 
perineal nerve 252 
perinephrie f at 106 ,108 
perineum 

anterior (urogenital) 133-4 ,134 
female 135 
male 134 

posterior (anal) 134—6,135,136 
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peritoneal eavity 65-70,66-S 
elinieal featnres 68 
intraperitoneal fossae 68-9 
snbphrenie spaees 69-70, 69 
peritonenm 59,60 ,138 
peroneal artery 212,213,233,246 
peroneal nerves 
branehes 256 
elinieal featnres 256 
eommon (fibnlar) 214,244,254,255-6 
deep (fibnlar) 215,255,256 
snperfieial (fibnlar) 215,255,256 
peroneal tnberele 207 
peronens brevis 211,222 
peronens longus 211,237 
peroneus tertius 222 
Perthe's disease 219 
petrosal nerves 376,379 
petrosal sinuses 303 
pharyngeal artery 280,295 
pharyngeal eonstrietor muscles 281 
pharyngeal dimple 283 
pharyngeal nerve 295,380 
pharyngeal plexus 280 
pharyngeal pouch 283-4 ,284 
pharyngeal reeess 277 
pharyngeal venous plexus 281,304 
pharyngobasilar faseia 279,281 
pharyngotympanie (Enstaehian) tube 278, 385, 
386 

swallowing 282-3 
pharynx 277-84 ,278 
blood supply 281 
elinieal features 283^, 284 
deglutition 282-3 
laryngopharynx 280 
muscles of 281 
nasopharynx 277-8 
nerve supply 282 
oropharynx 278-9 
palatine tonsils 279-80,279 
structure of 281 
see also individnal snbdivisions 
phrenie artery 151,152 
phrenie nerve 299 
pia mater 333,337,360 
piles see haemorrhoids 
pineal gland 345 
piriform fossa 280,285 
pisiform bone 163 ,174 
pituitary fossa 347 
pituitary gland 347-8 
elinieal features 348 
development 348 
structure 348 
pituitary stalk 347 
plantar aponenrosis 236 


plantar areh 247 
plantar artery 246,247 
plantar ligaments 236 
platypelloid pelvis 130 ,131 
plenrae 5-6,18-19 
eervieal 5 

elinieal features 18-19 
dome of 299 
lines of refleetion 6 
perietal layer 18 
snrfaee markings 5,6 
viseeral layer 18 
pleural effusion, ehylons 47 
plexus 

aortie 121,299 
of Auerbach 89,400 
Batson's valveless vertebral venous 338 
braehial 167,189-91, 189,190, 197,299 
eoeliae 380 ,399 
hepatie 380 
lumbar 250-1,250 
of Meissner 400 
oesophageal 380 
pampiniform 120 
pharyngeal 280 
pharyngeal venous 281,304 
prostatie 118 
pulmonary 380 
renal 121,380,399 
saeral 251-3,252 
of Sappey 160 
pliea fimbriata 273 
pneumothorax 6 
polyeystie kidneys 111 ,112 
pons 342,343,369 
blood supply 340,358 
external featnres 340 
lesions of 359 
pontine nuclei 342 
pontine tegmentum 342 
popliteal artery 213, 244,246 
aneurysm 246 
elinieal features 246 
pulse 213 

popliteal fossa 242^, 243,255 
popliteal vein 244 
poplitens 232 
porta hepatis 93 
portal eanals 95 
portal hypertension 88 
portal vein 87 
portal venous system 87-8 
eonneetion with systemie venous systems 
87-8 

postealearine sulcus 352 
posteentral gyrus 355 
posterior columns 336 





posterior saeroiliae ligaments 127 
posterior saperior lateral nasal nerves 371 
posterior tibial nerve 212 
posterior tibial vein 212 
Pott's disease 13 
Pott's fraehire 234 
pouch of Doaglas 81,84,138,140,147 
elinieal featnres 140-2 ,141 
pouch of Morison 69 
pouch of Rathke 248,348 
Poupart's ligament 55 
preeentral (motor) cortex 353 
prefrontal cortex 350 
pregnaney 
breastsin 161 
eetopie 145 
umbilicus in 55 
prelaryngeal lymph nodes 307 
premotor cortex 349 
prepnee 137 
pretraeheal faseia 263,264 
pretraeheal lymph nodes 307 
prevertebral faseia 263,264 
Pringle's manoeuvre 68,100 
processus vaginalis 122 
profunda femoris artery 245 
branehes 245 
profundus tendon 201 
prolapsed intervertebral dise 330 
pronephros 110 ,111 
prostateetomy 118 
prostate gland 82,11 3,116-18 
benign prostatie hypertrophy 118 
blood supply 118 
elinieal features 118 
mediangroove 117 
relations 116-17 
prostatie capsules 117-18 ,117 
prostatie plexus 118 
prostatie sinus 114 
prostatie urethra 115 
prostatie utricle 115 
pseudocyst of panereas 103 
psoas 150 ,150 
abseess 150 ,150 
psoas major 14,106,150 
psoas minor 150 
psoas sheath 150 
pterygopalatine ganglion 371-2 
ptosis 310,368 
pubic rami 124 
pubic tubercle 55 
pubis 124 

pubocervical faseia 146,147 
pubofemoral ligament 226 
puboprostatic ligament 116 
puborectalis 132 


pudendal (Aleoek's) eanal 135 
pudendal nerve 83,136,251 
pudendum see vulva 
pulled elbow 183 

pulmonary artery 23,25,37,39,40,42,289, 
300 

pulmonary ligament 18 
pulmonary plexus 380 
pulmonary stenosis 300 
eongenital 40 
pulmonary valves 32 
pulmonary veins 25 
pulvinar eminenee 349 
pupil 

Argyll Robertson 366 
dilatation 368 
putamen 347,353,360 
pylorie antrnm 70 
pylorie eanal 70 
pylorie sphineter 70 
pyramid 340,358 
pyramidal traet 356-9,357 
blood supply 358 
elinieal featnres 358-9 
erossed 334,336,358 
direet 336,358 

quadrate lobe of liver 93 
quadratus lumborum 106,108 
quadriceps femoris 211 
Queckenstedt's test 338 
quinsy 280 

raehitie flat pelvis 130 ,131 
radial artery 164, 166,187 ,188 
radialbursa 201 
radialfossa 171 
radial nerve 190,192^, 193 
branehes 194 
cutaneous distribution 196 
radialnoteh 171 
radialpalsy 198 
radial styloid 172 
radial tnberosity 171,172 
radius 163, 165, 171-4,172,173 
elinieal featnres 172-4 
fraetnres 172-3,173 
head of 163 
styloid proeess 163 
rami 

anterior 333 
grey 308,309 
white 309,397 
raspberry tumour 92,92 
Rathke's pouch 248,348 
reetal artery 84,86 
reetal examination 84 
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recto-uterme pouch see pouch of Douglas 
rectum 79, 81-6 ,138 
anal eanal 82-3 ,83 
anal sphineter 83-4 
elinieal features 84-6 ,85 
reetal examination 84 
relations 81-2 ,82 

see also entries beginning anal; anoreetal 
rectus abdominis 58, 59,108 
transverse tendinous interseetions 58 
rectus inferior 375 
rectus lateralis 375 
rectus medialis 375 
rectus sheath 58,59,60-2 
rectus superior 375 
red nucleus 346,360 
renal arteries 105,107,145,151,152 ,152 
aberrant 111 ,112 
renal faseia 106 ,108 
renal plexus 121,380,399 
renal veins 107 
respiratory eentre 342 
respiratory mo vements 18 
rete testis 121 
reticular formation 360 
retina 365,366,389 
bipolar eells 365 
eentral artery 296,365,389 
eones 365 
ganglion eells 365 
macula lutea 389 
optie dise 365,389,390 
ora serrata 389 
rods 365 
retinacula 226,231 
retroeaeeal fossa 68 
retromandibular vein 304 
retropharyngeal lymph nodes 307 
retropubic spaee 116 
rhinorrhoea 319,365 
rhinoseopy 278 
rhizotomy, posterior 337 
ribs 7-10 ,8 
eervieal 10,20 
elinieal features 9-10 
false 7 
floating 7 
fractures 9 
notehing 9 
ridge of Passavant 282 
right lymphatie duct 47 
rima glottidis 285 
rods 365 

Rolando's eentral sulcus 349 
rolling hernia 17-18,27 
Romberg's sign 337 
rotator cuff 177, 2 78 


round ligament 242, 244,147 
round window 386 

saeenle 387 

saeral (caudal) anaesthesia 132 
saeral eornea 125 
saeral foramina 125 
saeralhiatns 125 
saeral lymph nodes 2 42 
saeral nerves 251 
saeral plexus 251-3,252 
elinieal features 252-3 
saeral promontory 82, 125 ,138 
saeroiliae joints 127 
saerospinalis 108 
sacrotuberous ligament 127 
saernm 125-6,226 
sagittal sinuses 301 
thrombosis 303 
sagittal suture 315 
salivary glands 289-93 
parotid 289-92,290 
sublingual 293 
submandibular 292-3 
see also individnal glands 
Santorini's duct 75, 76,102 
saphenous veins 
great 224,247,248 
small 213-14,247 
Sappey's plexus 160 
sartorius 211 
Saturday night palsy 197 
sealenns anterior muscle 9,18,299 
sealp 312-14,323 
bloodsupply 313 
haemorrhage 313 
loose eonneetive tissue layer 313 
periosteum 314 
sponeurotic layer 313 
subcutaneous eonneetive tissue 313 
seaphoid 164,174,275 
blood supply 2 75 
fracture 175 
scapula 3,163,2 68 
eoraeoid proeess 163,168 
Searpa's layer 58 
seiatie artery 255 
seiatie foramina 127,253 
seiatie nerve 214,225,226,252,253-5,254 
branehes 254 
elinieal features 254-5 
seleroeorneal jnnetion 389 
seoliosis 49,327 
serotnm 119 
elinieal f eatures 119 
sella turcica 348 
semicircular eanals 387 



semilunar eartilage 231 
injury 232-3 
semilunar ganglion 369 
seminal vesieles 82,113 ,124 
elinieal features 124 
seminiferous tubules 121 
semitendinosus tendon 211 
Semon's law 289 
sense organs, see also individml sense 
organs 

sensory cortex 353 
sensory decussation 354 
sensory nuclei 370 
septal defeets 40-2 ,41 
septum pellucidum 347 
septum primum 35,36,39 
septum secundum 36,39 
septum transversum 15 
serratus anterior 18,164 
shortening of lower limb 208-11, 208-10 
apparent 208 
atfemur 210 
athip 210 
at tibia 211 
Bryanhs triangle 210 
Nelaton's line 210 
real 209 

shonlder joint 176-80, 176,177 
capsule 175 

elinieal features 179-80 ,180 
disloeation 179-80 ,180 
movements of 177-9 
muscles aeting on 179 
sinuatrial node 32 
sinuses 

aeeessory nasal 303,318-21 ,318 
aortie 32 

cavernous 301,302, 368 ,374 
eoronary 34 
epididymis 119 
ethmoid 320-1 
frontal 318-19 
intercavernous 301 
lateral 303 
maxillary 319-20,320 
oblique 29,29 
petrosal 303 
prostatie 114 
sagittal 301 
sphenoid 321 ,368 
sphenoparietal 303 
straight 301 
thyroglossal 266 
transverse 29,29,301 
venosus 35,36,37 
venous, of dura 301-3,302 
sinus venosus selerae 390 


skull 314-18,324,335 
elinieal features 317 
development 316-17 
diploé 316 
fetal 326 
fontanelles 316 
fracture 303,317 
lambda point 316 
landmarks 314 
sutures 314 
vault of 314 
VVormianbones 316 
sliding hernia 17, 2 7 
small intestine 77-8 
duodenum 75-7 
ileum 78 
jejunum 78 
length 77 
mesentery 67,78 
smell, sense of 364-5 
soleal line 223,224 
somatie afferent pathways 354-6,355 
elinieal features 356 
somatie efferent nucleus 366 
somato-sensory cortex 350 
somatotrophin 346 
speeial senses 383-93 
ear 384-7 
eye 388-93 
nose 383^, 383 
spermatie eord 59,64,64 
spermatie faseiae 64 
sphenoethmoidal reeess 321 
sphenoid sinus 321,368,383 
sphenomandibular ligament 322 
sphenoparietal sinus 303 
sphineter of Oddi 75,98,100 
sphineters 
anal 82,83^ 
internal urethral 114 
laryngeal 282 
pylorie 70 

sphineter vaginae 132 
spina bifida 271 
occulta 328 

spinal arteries 300,336,358 
anterior 340 
spinal eord 333-9 
age differenees 333 
anterior fissure 333 
anterior horns 333 
aseending traets 335,336 
bloodsupply 336,358 
eentral eanal 333 
elinieal features 336-7,338-9,339 
deseending traets 334-6,335 
grey matter 333 
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hemiseetion 337 
lateral horns 333 
lesions of 359 
meninges 337-8^ 33 7 
motor nerve roots 333 
posterior septnm 333 
posterolateral sulcus 333 
sensory nerve roots 333,334 
structure 333,334 
transeetion 336 
white matter 333 
spinal lemnisens 354,355 
spinal nerves 1 3,333 
spine 

fraetnres 329-30 
scapular 163 
see also vertebral column 
spinoeerebellar traets 336 
spinothalamie traets 336 
splanehnie nerves 47,49 
spleen 104-5,104 
blood supply 104 
elinieal f eatures 105 
relations 104,104 
structure 104-5 
surface markings 57 

splenie artery 67,71,72, 74, 76,101,104,152 

spongy nrethra 115 

spring ligament 236 

squamosal suture 315 

squint 

eonvergent 375 
divergent 368 
stapedins 386-7 
stapes 386 
stellate ganglion 37 
Stensen's duct 290 
sternal puncture 11 
sternoclavicular joint 5 
sternoeleidomastoid muscle 18,170,261,298 
sternohyoid muscle 169,285,382 
sternothyroid muscle 169,382 
sternum 11 

elinieal features 11 
stomaeh 70-5,70 
arterial supply 71-2, 71 
elinieal features 74-5, 75 
gastroseopy 74-5 
lymph drainage 72 
radiology 74,75 
relations 71-3, 71, 72 
vagal supply 73-4, 73 
vagotomy 74 

see also entries beginning gastrie; gastro 
stove-in ehest 9 
straight sinus 301 
student's elbow 174 


styloglossus 273^, 273 
styloid proeess 376 
stylomastoid foramen 375 
subacromial-subdeltoid bursa 1 78 
subarachnoid spaee 337,360 
snbelavian arteries 166,298-300 ,299 
anenrysm 300 
elinieal featnres 300 
subclavian groove 9,299 
subclavian lymph trunk 45 
snbelavian veins 9,305-6,305,306 
elinieal featnres 305-6,306 
eompression 300 
infraclavicular approaeh 306 
subcostal (Koeher) ineision 62 
subcostal plane 55,56 
subdural spaee 360 
sublingual gland 293 
submandibular ganglion 373 
submandibular gland 292-3 
elinieal featnres 293 

submandibular lymph nodes 274,293,307 
submandibular (VVharton's) duct 202 
stone in 293 

submental lymph nodes 274,307 
suboccipital lymph nodes 307 
subphrenic abseess 6,69 
snbphrenie spaees 69-70,69 
subpyloric lymph nodes 72 
snbsartorial eanal see Hnnter's eanal 
subscapular bursa 175 
substantia gelatinosa 354 
substantia nigra 345 
sulcus terminalis 31,272 
snperfieial circumflex vein 249 
superficial epigastrie vein 249 
superficial external pndendal vein 249 
superficial faseia 262 
superficial inguinal lymph nodes 142 
superficial parotid lymph nodes 307 
superficial perineal pouch 133 
superficial radial nerve 167 
superficial temporal artery 295 
superior eervieal ganglion 308 
superior colliculus 360 
superior orbital fissures 3 75 
superior vena eava 42,305 
supraclavicular nerve 167 
supracondylar lines 218 
supraorbital margins 311 
supraorbital nerve 312,370 
snpraorbital noteh 312 
suprapancreatic lymph nodes 72 
snprapatellar bursa 231 
suprapubic areh 130 
suprarenal artery 152 ,152 
snprarenal glands 151 
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supraspinatus 177 ,178 
supraspinatus tendinitis 179 
supraspinous ligaments 328 
suprasternal noteh 3,261 
supratrochlear nerve 370 
surface markings 
abdomen 55-8 
head 311-12 
lower limb 207-16 
thorax 3-7 
npperlimb 162-8 
suspensory ligament of Treitz 76 
sustentaculum tali 207,236 
sutures of skull 314 
eoronal 315 
lambdoid 315 
metopie 315 
sagittal 315 
squamosal 315 
swallowing 282-3 
Sylvian sulcus 350 

sympathetie nervous system 393-4,395,396 
sympathetie trunk 396-8 
somatie distribution 398 
viseeral distribution 398 
see also individnal pathzvays 
symphysis menti 321 
symphysis pubis 82, 127 ,138 
syndaetyly 271 
syringomyelia 336 

tabes dorsalis 337 
taeniae eoli 79,89 
tarsal (Meibomian) glands 391 
tectum 345 
teeth 323-4 
alveoli 321 
elinieal features 324 
development 323-4 
periodontal membrane 323 
tegmen tympani 386 
temporal artery 295,311 
superficial 311 

temporal assoeiation cortex 351 
temporalbone 376 
temporal cortex 351 
tumours 378 
temporaHs muscle 312 
temporal nerve 291 
temporal veins, snperfieial 304 
temporomandibular j oint 322-3 
temporomandibular ligament 322 
tendons 

bieeps 182,211,215 
bursa 182 

ealeaneal (Aehilles) 211 
eonjoint 64 


graeilis 211 
profundus 201 
semitendinosus 211 
supraspinatus 179 
Tenon's capsule 391 
tensor palati 282 
tensor tympani 387 
tentorium eerebelli 343,360 
teresmajor 164 
teresminor 177 
testie 

eetopie 122 
undescended 122 
testicular artery 64,119, 120 ,152 
testis 119-23 ,120 
blood supply 119-20 
elinieal featnres 122-3 ,123 
development 121-2 
lymph drainage 121 
nerve supply 121 
structure 121 
tetralogy of Fallot 300 
thalamostriate vein 301 
thalamus 347,349,354 
blood supply 349 

lateral geniculate body 349,354,365,367 
medial geniculate body 349,377 
thenar spaee 202,203 
thoraeie artery 9,13,22,60,187,299 
thoraeie eage 7-19 
eostal eartilages 10-11 
diaphragm 14-18 
intereostal spaees 11-14, 12,13 
movements of respiration 18 
pleurae 18-19 
radiography 49 
ribs 7-14 
sternum 11 

thoraeie vertebrae see vertebral column 
see also individnal strnetiires 
thoraeie duct 45-7,46,305 
thoraeie inlet 7 

thoraeie sympathetie trunk 47-9 
branehes 47-9 ,48 
thoraeie vertebrae 325,327 
thoraeo-abdominal ineision 62-3 
thoraeoepigastrie veins 249 
thoraeotomy 14 
thorax 1-52 
ehest radiograph 49-52 
lo wer respiratory traet 19-28 
mediastinnm 28-49 
surface anatomy and markings 3-7 
thoraeie eage 7-19 
see also individnal strnetnres 
thymie vein 305 
thymus gland 11 
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thyroarytenoid 287 
thyroepiglottie muscle 287 
thyroglossal eyst 266 
thyroglossal sinus 266 
thyrohyoid membrane 284 
thyrohyoid muscle 284,285 
thyroid arteries 44,261,267,268,287,288,295,299 
inferior 265,267 
superior 264,295 
thyroid eartilage 261,285 
thyroidea ima artery 265 
thyroideetomy 267 
thyroid gland 264-7,265,266 
blood supply 265 
elinieal features 266-7 
development 265-6,266 
goitre 266 
isthmus 261,264 
lateral lobes 264 
pyramidal lobe 264,266 
relations 264-5,265 
thyroglossal eyst 266 
thyroid veins 265 
inferior 265,305 
middle 265,304 
snperior 265,304 
thyrotrophin 346 
tibia 207,223^, 223 
elinieal features 224 
eondyles 223 

intereondylar eminenee 223 
intereondylar tubercles 223 
lateral malleolus 207 
medial malleolus 207,212,214,224 
shortening 211 
tuberosity 224 
tibial arteries 
anterior 212,246-7 
posterior 211,212,213,246,247 
tibialis anterior 211,212,237 
tibialis posterior 211,212,237 
tibial nerve 211,244,254,255 
branehes 255 
tibial tuberosity 207 
tibiofibular joints 233 
tongue 272-6 
blood supply 274 
circumvallate papillae 274 
elinieal features 276 
development 275,275 
foramen caecum 266,272-3 
frenulum linguae 273 
lymph drainage 2 74 
muscles of 273^, 273 
nerve supply 275 
pliea fimbriata 273 


structure 273-4,273 
sulcus terminalis 31,272 
vallate papillae 275 
tonsillar capsule 279 
tonsillar fossa 279 
tonsilleetomy 280 
tonsil position 276 
tonsils 

nasopharyngeal 273,277,278 
palatine 279-80,279 
trabeculae earneae 32 
traehea 3,19-23 
eervieal 19,21 
elinieal features 21-3,22 
displaeement 21-2 
radiology 21 
relations 19-21, 20,21 
rings of 261 
structure 21 
surface markings 3,4-5 
thoraeie 19,20 
tracheal-tub 22 

traeheobronehial lymph nodes 25 
traeheo-oesophageal fistnla 45 
traeheo-oesophageal groove 288 
traeheostomy 22-3 
'tramp's muscle' 391 
'tramp's nerve' 369 
transpylorie plane of Addison 55 
transrectus ineision 62 
transversalis faseia 60,64,106,107 ,108 
transverse acetabular ligament 226 
transverse fissure 6 
transverse ineision 62 
transverse sinuses 29,29,301 
transversus abdominis 60,64 ,108 
transversus thoraeis 12 
trapezium bone 174,175 
trapezoid body 378 
trapezoid bone 174,175 
Trendelenburg's test 228 
triangles of neek 262 
triangular ligament 95 
trieeps 164 
tricuspid valve 32 
trigeminal ganglion 369,371 
trigeminal nerve (V) 340,369-74,370 
eentral eonneetions 373 
elinieal features 373-4 
distribution 371,374 
motor root 373 
ophthalmie division 370 
trigeminal neuralgia 374 
trigone 114 
trilocular heart 40 
triquetral bone 174 





troehanterie erest 217 
troehanterie line 217 
troehlea 181 
troehlear fossa 171 
troehlear nerve (IV) 340, 368-9,369 
elinieal featnres 369 
troehlear noteh 1 72 
truncus arteriosus 36, 37 
tuber cinereum 346 
tuberculosis 13 
tuberculum impar 275 
tunica albuginea 119,146 
tunica vaginalis 119 
tympanie eavity see middle ear 
tympanie membrane 384-5, 385,387 
pars flaeeida 385, 387 
pars tensa 385 
umbo 385 
tympanie nerve 379 

ulna 163, 165,171-4,172,173 
elinieal f eatures 172-4 
fractures 172-3, 173 
styloid proeess 163 

ulnar artery 164, 166,167,187,188-9, 188, 194, 
195 

ulnar bursa 201 

ulnar nerve 167,168,190,194-5, 195 
cutaneous distribution 196 
palsy 198,199 
ulnarstyloid 172 
umbilical artery 39,64 
umbilical folds 66 
umbilical vein 38-9,39 
umbilicus 55,56 
uncinate proeess 101 
upper limb 

arteries of 166-7,186-9 
bones and joints 163-4,168-86 
breast, female 159-62 
deformities 197-200 
mnseles and tendons 164-5,164,165 
nerves 167-8,191-7 
surf aee anatomy 162-8 
surf aee markings 162-8 
see also individtial bones; mnseles; tendons; vessels 
ureter 109-12,138,139,141 
abdominal 109 
blood supply 109 
elinieal features 109-10, 110 
developmental abnormalities 111-12,112 
double 112 

embryology 110-11,111 
intravesieal 109 
pelvie 109 
pelvisof 106 


ureteric calculus 110 
urethra 115-16 
elinieal featnres 115 
female 115, 138 
male 113,115 
membranous 115 
prostatie 115 
spongy 115 
urethralerest 114 
urethral orifiee 137 
urinary traet 105-16 
bladder 112-14 
kidneys 105-9 
mucosa 115-16 
radiology 116 
ureter 109-12 
urethra 115-16 
see also individnal strnetmes 
uroepithelium 116 
urogenital triangle 133 
uterine artery 139,141, 142 
uterosacral ligament 146, 147 
uterovesical pouch 147 
uterus 138,139-44,139 
anteflexion 140,141 
anteversion 140,141 
blood supply 142 
body 139 
cervix 137,139 
cornu 139 

embryology 148-9,149 
endometrium 143 
external os 140 
fundus 139 
infantile 140 
internalos 139 
lymph drainage 142-3,142 
mucosa 143 
relations 138,140 
retroflexion 140,141 
retroversion 140,141 
structure 143 
utricle 387 
uvula 270 
bifid 271 

vagina 137-9,138,139 
blood supply 138 
embryology 148-9,149 
examination 147-8 
lymphatie drainage 138 
orifiee 137 
relations 137-8,138 
sphineter 132 
structure 137-9 
vagotomy 74 




438 


lndex 




vagus nerve (X) 73-4,73,288,296, 340, 379-81 
eentral eonneetions 379-80 
elinieal features 380-1 
distribution 380 
dorsal nucleus 379 
supply to stomaeh 73^, 73 
vallecula 285,342 
Valsalva manoeuvre 304 
valveless vertebral veins of Batson 118 
valves of Ball 83 
valves of Houston 81 
valvulae eonniventes 78 
varieoeele 122 
varieose ulcer 249 
vascular eoat 389 
vas deferens 55, 113, 123-4 
elinieal features 124 
vaseetomy 124 
vasomotor eentre 342 
vasopressin 347 
vastus medialis 222 
vein of Galen 301 
veins 

auricular see auricular veins 
azygos 12,44,305 
basilie 166-7 
basivertebral 338 
braehioeephalie 12,305 
bronehial 25 
eardiae 34,35 
eephalie 166-7 
eerebral see eerebral veins 
ehoroid 301 
eonstant (of Mayo) 70 
diploie 301,313 
emissary 301,313 
faeial 304 
hemiazygos 12 
hepatie 97-8 ,98 
iliae 114,118 
inferior vena eava 152 ,153 
diaphragmatie opening 15, 15,16 
intereostal see intereostal veins 
jugular see jugular veins 
lateral aeeessory 248 
lingual 304 
maxillary 304 
median cubital 167 
mesenterie 87 
oblique 35 
ophthalmie 303 
paratonsiUar 280 
perforating 249 
popliteal 244 
portal 87 
posterior tibial 212 
pnlmonary 25 


renal 107 

retromandibnlar 304 
saphenous see saphenous veins 
snbelavian 9,300 
snperfieial circumflex 249 
superficial epigastrie 249 
superficial external pudendal 249 
snperior vena eava 42,305 
temporal see temporal veins 
thalamostriate 301 
thoraeoepigastrie 249 
thymie 305 
thyroid see thyroid veins 
nmbilieal 38-9,39 
valveless vertebral of Batson 118 
venae eomitantes 166 
venae eordis minimae 34 
vertebral 12,305 

see also blood siippli/ of individiial organs 
venae eomitantes 166 
venae eordis minimae 34 
ventrieles (brain) 361^, 361 
elinieal features 362-4 
computed tomography 363,364 
fourth 361 
lateral 361 

magnetie resonanee imaging 3 64 
third 361 
ventrieles (heart) 
development 35,36 
left 32,36 
right 32,32 
vermis 342 
vertebrae 325 
atlas 325,330 
axis 326 
body 324 

intervertebral foramen 325 
neural areh 324 
see also different types 

vertebral arteries 297, 298,299, 300,327,340,358 
vertebral eanal 324 
vertebral column 324-30 
eervieal vertebrae 325,326 
elinieal features 329-30 
coccyx see coccyx 
development 327-8 
intervertebral joints 328-9,329 
lumbar vertebrae 327 
sacrum see sacrum 
thoraeie vertebrae 325,327 
see also individnal vertebrae 
vertebral levels of abdomen 55,56 
vertebral veins 12,305 
vertebra prominens 327 
vertigo 379 

vesieal artery 64,109,114,118 
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vestibular fold 285 
vestibular nuclei 360,377 
vestibule 137 
bulb of 137 

vestibulocochlear nerve see auditory nerve 
viseeral afferents 396 
visual cortex 352 
visual pathway 365-6,366 
vitellme duct 111 
vitello-intestinal duct 91,92 
vitreous body 390 
vitreous humour 366 
voealeords 282,285 
false 285,289 
voeal folds see voeal eords 
voeal ligament 285 
Volkmann's contracture 198 ,199 
volvulus neonatorum 93 
vomer 383 
vulva 136-7 
elinieal features 137 

VValdeyer 's ring 277 
walking 

anatomy of 237 
dipping gait 228,237 


weaver 's bottom 207 
Wernicke's area 351,359 
lesions of 359 

Wharton's duct see submandibular (Wharton's) 
duct 

white matter 
brain 343 
spinal eord 333 
white rami 309,397 
Winslow's foramen 99,153 
Wirsung's duct 75,76,98,102 
Wolffian ducts 110, 111 ,148 
Wormianbones 316 
wristdrop 198 
wrist joint 164,165, 183-4 ,183 
mnseles aeting on 184 

xiphisternal j oint 3 
xiphoid proeess 11,55 

yolksae 91,92 

zygomatie areh 311 
zygomatie nerve 291 ,371 
zygosis 91 





